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A pupil’s experiences between the ages of Il and 16 probably shape his )
ultimate view of science and of the natural world. During these years
mOost youngsters become more adept at thinking conceptually. Since
concepts are at the heart of science, this is the age al which most stu-
dents first gain the ability to study science in a really organized way.
Here, too, the commitment for or against science as an interest or a E .
vocation is often made. : - .

Pafadoxically, the students at this qyitical age have been the ones .
least affected by the recent effort to produce new science instructional
materials. Despite a number of commendable*efforts to improve the
situation, the middle years stand 't'oday as a comparﬁ’iively weak link in
science education between the rapidly changing elementary curriculum
and the recently revitalized high school science eourses. This volume
and its ‘accompanying matetials represent one attempt to provide a
sound approach to instruction for this relauvely uncharted level.

At the outset.the orgauizers of thé¢ ISCS Project decided that it
would be shortsighted and unwise to try to- fill the gap in middle
school science education by simply writing another textbook. We chose ‘ A
tnstead to challenge some of the most firmly established coficepts '
abouf how to teach and just avhat science material can and should be -
taught to adolescents. The ISCS staff have tended to mistrust what
authorities believe about schools, teachers, children, and teaclling until
we have had the chance to test these assu_mpl_ions in actual classrpoms
withreal children. As conflicts have arisen. our policy has been to rely
more upon what we saw happening in the schools than upon what
authorities said could or would happen. It is largely because ofthis
policy that the ISCS materials represent a substantial departure from
the norm. ' _ .

The primary difference between the ISCS program and more con-
ventional approaches is the fact that it allows each student 4o travel

‘

A
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4t his own pace, and it permits the scope and sequence of ans{ruction
lo vary with his interests. abilitics, and background. The 1SCS writers
have systematically tried 1o give the student more of.a role in d'cciding
what he should study next and how soon he should study it. When the
materials are used as in ended, the ISCS teacher serves more asga
“task easer” than a “m$ master.” 1t is his job to help the student
answer the questions that arise from his own study rather than to try
to anticipate and package what the student needs Lo kngw.”

There ig nothing radically new in the 1SCS approach 10 instruction.
Outstanding tedchers from Socrates to Mark Hopkins have stressed the'
need to personalize education. 1SCS has tried to do something more
than pay lip service to this goal. ISCS’ major contribution has been o
design a system whereby an average teacher, operating under normal " ..
constraints, in an ordinary classroom with ordinary children, can in-
decd "give maximum attgntion .to each student’s progress.

The development of the ISCS material has been a group effort from
the outset. 1t began in 1962, when outstanding educators met to decide
what might be done to improve middle-grade science teaching. The
recommendations of these conferences were converted Into a tentative
plan for a set of instructional materials by a small group of Florida
State University faculty-members. Small-scale writing' sessions con-
ducted on the Florida State camptis during 1964 and 1965 resulted in
pilot curriculum materials that were tested in selected Florida schools
during the 1965-66 school year. All this preliminary work was sup-
ported by funds generously provided by The Florida State University.

In June of 1966, fidancial support was proyided by the United States
Office of Education, and the preliminary effort was formalized into .-
the ISCS Project. Later, the. National Science Foundation made sev-
eral additional grants in support of the ISCS effort. S

The first draft -of these materials wis produced in 1968, during a =

- summer writing conference. The conferees were scientists, science
educators, and junior high school teachers drawn from ail over the
United States. The original materials have been rc'v_i_scd__lhrc‘c times
prior to their publication in this volume. More than 150 writers have
contributed to the materials, and more than 180,000 children, in 46
states, have been i‘nvo_lved in their field testing.” . '

We sincerely hope fthat the teachers and _stuglehts who will use this
material will find thht the great amount of time, money, and effort
that has gone into its development has been worthwhile.
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Tallahassee, Florida  The Directors . ._
February 1972 - ~ INTERMEDIATE SCIENCE CURRICULUM STUDY
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Thc word sci¢nce means a lot ofthmgs All of the meanings arc “right,”
! > _ _ but none are complete. Science is many things and is hard to de-
N : scribe In a few words. :

We wrote this book to help you understand what science is and what
scientists do. We have chosen to show you: these thmgs instead of
describing them with words. The book describes a series of things for
you to do and think about. We hope that what you do will help you
learn a good deal about nature and that you will gct a feel for how
. ' scientists tackle problcms '

. ‘How Is this book different lrohi'ot_her textbooks?

. This book is probably not like - your other textbooks. To make any
-~ _sense out of it, you must work with objects and substances. You should
do the things dcscnbcd think about them, and then answer any ques- .
tions asked. Be sure you answer each question as you come to it.
The quesiions in"the book ari? very® lmporram Thcy '
three reasons: :

1. "To help you t6 think: through what you see ‘and do T :
L ~2. To let you know whether or not you un crstand what you 've done.
~ 7 7. 3. 7To give you a record of what you
use it for review.

v

,How will your clnn bo organized?

B

. " Your science class will’ probably be qu:tc different -from your ‘other
' | " classes. This book will let you start work.with less help than usual

* from your teacher. You should bcgm “each day’s work where you left

- ~ off the day before. Any equnpmcnt and supplxcs needed will be wait-
vih - . ing. for you :

-
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Your teacher will not read 16)’0ll or tell you the things that you.dre
to learn® Instead, he will help you and your classmates individually.

Try t0 work ahead on your own. If you have trouble, fitst try to
solve the problem for yourself. Don't ask your teacher for help until
_you really need it. Do not expect him to.give you the answers o the
questions in the book: Your teacher will (ry (o help” you find where
and haw you went wrong, but he will‘not do your work for you.

After a few days, some of your classmates will be-ahead of you and

others will not be as faralong-This is the way the course is supposed™

to work. Remerber, though, that there will be no prizes for finishing
first. Work at whatever speed is best\for you. Bur be sure you under-

- stand what you have ‘done before ‘moving on. . .
Excucsions are mentioned at séveral places: These specjal activities
are found at the back of the book. You may stop and dQ any excursion
that looks interesting or any that you feel will help you. (Some ex-

cursions will help you do some of- the activities 10 this book.) Some-

times, your teacher may ask you to doran excursion.

What am | expected to learn?

Duning the year, you will work very much as a scientist does. You

should learn a loj of worthwhile information. More important, we

hope: that you wili learn how "to ask and answer questions about
nature. Keep in mind thit learning how to Jind answers to questions is
Just as valuable as leczrrr[rrg.flre answers themselves.
‘Keep the big picture in mind, too. Each’ chapter builds on ideas
already dealt with. These ideas add up (o some of the simple but
. powerful concepts that are so impartant in"science. If you are given a
Student. Record Book, do all your writing in it. Do not write in this
book. Use your Record Book for making graphs, tables, and ‘diagrams,
t00. _ L .
From time 'to time you may ‘notice that your classmates have not
always given the same answers that you did. This' is no cause for
worry. There are many right answérs to some of the questions. And
in some cases you may not be able to answer the questions. As a

\

matter of fact, no one_knows the answers to some of them. This may
seem disappointing o you at first, but you will soon realize that there.

- 1s much that science does not know. In this course, you will learn

some of the things we don’t know as well as what'is known. Good luck!.
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Red Eyes and
Curly Wings

Has anyone ever told you that you look like your father?
ot your mother? or your brother or your sister? Possibly
someone, has, because parents usually pass along some .of
their features to their children. But how does this _happen?’_
Justhow can a parent send a message ftke “Form blue eyes™#
to an unborn child? What color eyes does the child end up
with when the message from one parent says “Form blue
eyes” and the second parent’s message says “Form brown
eyes’? - . .
In this unit you will try to answer questions like these.
In it you will compare the features of parents with those of
their-offspring. You will breed flies, stady beans and peas,
- and look closely at some of your own features and those of
your friends. . :
The two big questions in this unit that you will try to
answer are these: ‘
there any pattern to the way features are pas;;ed from

¥

~x v

I Is

* parents to their offspring? _ )

2. What kind of model will explain how . features are
. p .

passed from parents to their o_ffsprmg?

v

For the next few wecks, you will breed and observe insects
called fruit flies. Much of what ‘'we know about how features
are passed along has come fro/in studies of fruit flies. Your
problem is to compare the features of parent flies with thosé

. of their “children”™ and ‘’grandchildren.” Getting  the
~‘grandchildren” will take about four weeks because it takes
fruif flies a_?_o_ut two weeks to produce offspring. =

\ L3
4 ;
\'\‘
- - !
( E\
GROWING FRUIT
FUES : _
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To fully understand what you will do. you need to know
how plants and animals reproduce. To find out if you do,
answer the following checkup questions.

s ~

CHECKUP

a

"1. What is a Usperm”?
2. What is an ",cgg”';

3. What huppcns vs)hen a male animal and female animal
“mate”’

t

4. How do plants produce seeds?

Check your answers by quickly reading through Excursion
1-1.
ACTIVITY 1-1. Pick up a #1 vial. ‘The vial should contain 5
or 6 frult tiles. Write your name, your class, and the date on
the vial's label. Do not remove the cap yet.

—

A

:DAVID BROWN

CLASS 4
9-13-72 M

VW

3

‘Note Take good care of your flies. The flies in vial #1 are

yours alone. You must keep them ahve and healthy for the
‘next four weeks.

Before you can study the features of your ﬂxes you will
have to know how to slow them down without hurtmg them.
You also must Jearn how to tell male flies from female flies
and how to prepare food for the flies. The next few acuvmcs :
will, teach you these things. Work on these activities with a

. partner.

Time Caution Do not begm the next acnwty unless you have

at Ieast 30 minutes of class time Ieft

G
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; N Ifs pretty hard to see the featyres of fruit flics in your vial  USING A _

| because they move so fast s faurly casy, however, to slow “FLY SLOWER” -
- down the flics without killing them. You just put them to

l Ssleep with ether. Be sure to Jollow these directions crefiully,

* ’ Too much ether wit! Kill your flies.

" {
Cautlon  Liher is not"dangerous when used properly, but:
| l. Be sure there are NO Sflames in your room. [;77;17 Sumes
ch be explosive.
| 2. Air should move through your room easily. .
Keep the ether bortle capped when you aren’t using ir.

4. Don’t breathe the ether fumes yourself. .
. s . b

~

I petri-dish lid

e - To learn to slow fruit flies, you will need your vial # 1 ,

i and these materials: )

. \oo - ’
! I plastic bottle containing ether
I etherizer (made from z}.-fuoé)/zl, string, and a 50-ml plastic

3 beaker) A .

] , .| white card \ . , : g

g \ ; | hand leng g .

; 1 small brush \% : . |

f

If no finished ethcerizer is available. you will have to build
AL ¢ - . el
your own. Activity 1-2 shows how to do this, and Activities
f I-3 through 1-7 tell you how to use gt

ACTIVITY 1-2. Build the etherizer as shown. Be sure to bend
the end of the funnel outward. ’

) Bend out the end
> t of the funnel stem
. with & pencit.

1
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|
o 5 Y ACTIVITY 13, Add 3 or 4 draps of ether to the string. Im- L
mediately place the funnel In the 50-m! beaker. Turn the funnel V
and beaker over on the table. . J ¢
- L
* s
Add 3 or 4 drops of ather. I ~
ACTIVITY . 1-4. Gently tap your vlal #1 on a book to knock .
\ . : all the {lies to the bottom. ’ _ . g
- AV
Tap gently on book. : 7
. . 7 .
2 . ‘ g
J
ACTIVITY 1-5. fap the' vial whenever necessary to keep the
flles near the bottom. Quickly remove the cap from the visl
and set the otherlzor over the openlng as shown. .
. 1 - B B Continbie tapping apd ' |
) - _ place etherizer a '
. ‘\.l - ~ Over the viat. -
' {
K .4
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ACTIVITY 1-8. Quickly tip the two con{al‘ners' as s'hown.'Tap .
the vial gently until all the flies drop into the beaker.

v

.

ACTIVITY 1-7. Replace the cap on the vial and set it aside.
Put your finger over the ppening In the funnel to trap the ether
fumes. As sqon as the flies stop moving, remove the funnel
and pour the flies onto a white card. Warning: Do not over-

etherize your flles or they will die. ~ . -

' - o~
You can tell if you've overetherized a fly by its out-
stretched wings. If you kill any flies, get rid of them. Your

teacher will tell you where to put dead flies.

&

Figure 1-1 N

Do your flies t_witch'? Flies oﬂen«\wilch during sleep. So
don’t worry if one moves. But if a fly should start, to walk,
_ placc a,drop of ether on the.card near the fly. Then cover
the drop and the fly with the fid of a petri dish for a moment
until the fly goes back to sleep. -

{

Etherized fly

LS
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'. CHECKING
& YOUR FLIES
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Study.yb»l'lrr‘ﬂies with a hand lens. If you need to move them,

do so gently with the aid of the small brush,
X .

0J1-1. Describe your fruit flies. List at least five features.

a. Shape of wing -

¢

b. Eye color . .
" c. Color of body. ‘ o .
- d..Pattern on body ' o

e. Other features '

[11-2. Are all your flies alike in each feature, or do the

- features vary from fly to fly?

Look closely at the tail ends of the flies. You will find that

~.they are not all alike. Separate the flies into tWo' groups on

the basis of the shape of their tail ends. If you separate them

correctly, one group will contain only male flies, and the’

other group will contain-only females. Male flies have a tail
end that is blunt and definitely black. Female tails are lighter
and more pointed. : '

L11-3. Study th'e‘-t.w_(.) ‘groups closely. Then list any other
diflerences you find between males and females in Table 1-1

of your Record Book. (Return all flies to vial #1 when you

are through studying them.)
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Malc \ _Female

Mt

Definite black tail end Lighter tall end

Blunt il end ¢ Pointed tail end

Table 1-1

- To do many of the activities in this unit, you must be able
to tell the sex of flies. Before going on, be’certain tha} you
can tell the difference between male and female flies. Figure
I-2 will help you do this. You may also want to check with
your teacher on this. -

Q

Figure 1-2

Now you are almost ready to mate (cross) some of your flies..
Before you do, though, you should know that not everyone
in your class has flies with the same features. Some people
have flies with red eyes, while others have brown-eved flies.
Also, some flies have straight wings and some have curly .

wings. Compare your description of your flies (question 1-1) -~

with your classmate’s descriptions. Find a partner whose flies
diffet from yours in eye color and z{ng shape.
. o

(J1-4. Describe cxa_ctly how the features of the two sets of
flies differ by completing Table 1-2 in ybur Record Book. |

EY P

o

| J

at

-

Ventral view of

maile abdomen

Ventrat view of

—

female abdomen

G
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Features Your Vial = | Partner’s Vial g
Shape of wings N
Lye color X
L !

o

Table 1.2 * L ‘

.- ™
You will read the term prre strain a lot in this unit. Here’s

what it means. When twg flies from a pure strain for red

cye color are mated, all their offspring will have red eyes. -~ _
If two of these offspring are mated, thgn their offspring also - s )
will have red eyes. Similarly, the parents and grandparents
of- the pure-strain flies had to have red cycs(' (See Figure

1-3.) In a nonpure strain of flies, other eye colors might show
up in the offspring. ’ ’

‘ ) - p—
: P&u Strain 1 i Pure sgnln 2
R Red syes . ¢ . |Bro¥n eyes W\ - ¢
|, Curly wings ! Straight wings ot

Great ° -

grand-
parents |

Figure 1-3 —

-

4 Red eyes \l/ - : .|Browneyes , . ¢

Curly wings 1Straight wings
{

Grand-

parents
“. K
Red eyes Brown eyes ¢ . :
Curly wings Straight wir_\g\s . ’ .
Parents ﬁ .
|Redeyes . .. \L’ - '
Curly wings

|Browneyes \1{
Straight wings _ -

X

Chitdren

Hed'eyés_. ‘| Brown eyes \1, o .
Curly wirigs Straight wings : i

future ' ' S A R
offsprir_xg : [' . 5 o .

\l, ' : T

y X SERe R AR e e R Ve Y S hal AR A, 3 R TN PAER o)
COTTRGF Ve I O A N R R R R e e R MR St R B R
2

TR PR Lo
A e' - o L

LR

S ’f.* _“_'a.x_'."
R AR RS

R ARSI oo s T )




-
3
B | P—
/
-~
[11-5. Give an operational definition of pure-strain.
. If you have forgotten what an operational definition is and
v | how to wnite on?. turn to Excursion 1-2.
e .
— f (J1-8. Suppose you mated awed-eyed, chrly—wingcd fruit fly
. with a brown-eyed, long-winged frvit fly. If both flics are
- from a pure strain, what color cyes and what shape wings
- do you predict'that the oftspring will have? "
\J ' .
Shortly you will test your prediction. To make the test,
-0 -you--qill mate some of ypur male flies with a classmate’s
o - female‘“ﬁie_s (or vice versa), Then. you will compygre the fea-
| ) tures of the offspring with those of the parent flies. Fj ure
~ O pring 5 p , g
) I-4 shows the plan. r n
‘ // , .
] -
v
Male flies | Fomale flles
Y. _1 .
Your (\7J
pure strain 1\
. w@v fibs ¥ ¥
S

T s

v WIS LA (W %

L EXCURSIGN

A clasémme's
pure strain
flios

OAﬁsbr'ling

- When you put your flies. with your classmate’s flies of the
_ opposite sex, you hope they will mate and produce offspring.
P But suppose the female flies had already mated before you
' put the flies together: Then the
produced would be from the same pure strain
different pure strains (yours and your classma

)

te’s). "

J1-7. Suppose this 'ha_ppeneci;' What
offspring would look ‘like? -

|

St ten

, Fortunately, female fruit flies cannot mate f'or_tat le;
hours after they hatech™So if you select, for
“female fies that have been adults for Jes

f, %y you can be sure that the

called “virgin females.”

s than ten-hours,

) .

’.Q‘w;_, R

»-

parents of thé offspring -
, ot from two

your expefiment, |

y have not mated." Such fies-ase

MATING YOUR
FRUIT FLIES

doé you pre(iict the

CHAPTER 1 9
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First you need 10 clear your vial and your partner’s vial
of all female flies that may already have mated. Activity 1-8
will show you how 1o do this. But before you do the frame,

. you need to check your timing, /

The trick is to clear your vial and your partnet’s, five to
ten hours before you plan to cross flies from the two vials.
Ask your teacher for help on timing this correctly. Table 1-3
will help you and your teacher to plan properly. Do not try
10 plan your clearing time withour your teacher’s help.

“Table 1-3 R - g : -
CLEARING CHART ' \
) You must clear the female from vial g1
If you plan your . ’
mating to.start at —no carlier than —no later than
7 AM.* - Thurs. | D .M. Wed, 2 AM Thurs. -
8 aAm* Thurs. 10 r.M. Wed. 3 A.M Thurs,
9 Am* Thurs. F1l pM. Wed. 4 AM Thirs,
10 Am.* Thurs. 12 r.m Wed. 5 Am Thurs.
‘< 11 Am.* Thurs. I AM. Thurs. 6 AM Thurs.
12 Am.* Thurs. “ 2 AM Thurs. 7 AM. Thurs,
I .M. Thurs. 3 aAm Thurs. 8 o.M Thurs,
2 rm Thurs, 4 AM Thurs. .9 Am Thurs.
3 p.M Thurs. 5 AM Thurs, 10 A.M. Thurs.
4 veM Thuss, 6 AM. Thurs. H AM Thurs,

*If your class meets ¢-f;1ring"on¢ of the starred hours, you will probably have
v to do the clearing ‘at home. :

LI S R T P Wrez

L P TP V) WS SRS £ W% 4

When the clearing time that you and your teacher have

._planined arrives, g0 ahead with clearing your vial and your -
partner’s. Activity 1-8 will show you how clearing is done.

ACTIVITY 1-8. Five to ten hours before your planned mating,
you shouid do the following: : B
1. Uncap an empty vial. T
2. Tap vial #1 until the flles are on the bottom.

..3. Uncap vial_#1. Quickly turn the empty vial over the

om‘m( .. . -

4. Tap tHf@ side of vial #1 until all the flles fly Into the empty °

vial. s .
5. Quickly Tecap the new vial.
6. Reécap and keep vial #1. L
7. Give the new vial of files to your teacher. =

-7 .

"
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Tap vial # 1 until adults
fly into the ompty ) N
vial above. e

Cap and keep vial # 1.

. Glve thl" new vial
to your teacher.

! ' .
' If your ¢lass meets early m the mormng you may have
had to take’ lhc vials ' home tg°dd the transferring there. If
you do this, return lhe new wial to your teacher the next

‘ morning. : o :

In the food . ‘material at the bottom of vial #1 are fruit
flies at Va,glolls stages of their life cycles. New adults should
hatch within® five ten hours. These are the flies you will
use for your matmg experiment.’lf you have to wait for new
adults, go ahgad with Activity 1-9. Then read ahead in the
néxt secuon “What. Happens Next?” to learn about the
details of how fruit flies develop.

. Before you begin your mating e*(pcnment you need to

- prepare vial #?2 cblltan\lng fly food. To do this you will need
these items: | ;

.4 mi water -

-

: "*l clean empty vial with cap
. 1 straight pin -
1 50-m] plastic beaker
- 1'packet of fly food

sml food\

ACTIVITY 1-9.'Add 6 m! of food and 4 mi of water to the | )
plnﬂc vial. Add to this vial (vial #2) a label with your name, o
your class, and tho date. _ : ' : 11




_ ACTIVITY 1-10. Let the fiy Ioocrstand a few minutes to absorb
3 Ihe water. Then tap the vial genIIy to settie Ihe food.

-$

ACTIVITY 1 11. Cut a thin sIrIp of paper and push ono ond
into the fly tood. o *

Push one end - :

into the fly food. ’ d

-

Make 25--30 smail holes_

¢
ACTIVITY 1-12. With the straight pin, pynch 25-30 smaII aIr

'Y:'” in"the vial cap. Warning: Do not make the hoIes\bIg
ough to Iel lhe flies out. ' .
) -
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You are now ready to mate some of your fcmnl% lies with
a classmate’s males (or some of your males with a classmate’s
females). Remember-that your partner thust have flies witlt SR
. different eye color and wing shape than yours. You will each '
P . need these things: ] o B | . ' .t

: Pvial #1 (from which all adult Mies were removed 5 to _ . - ‘
10 ‘hours before) . B ) ~

Evial #2-containing (od . .

I ethernizer . .. , .

I white card " .o &

I petri-dish lid. , _ - - . ~

l brush ' ' :

; : . -

Before going on, you and your partoer should review the .
directions forrcthcrizing fruit flies in Activities [-2 through , ; . _
l,,-7. When adult fies appear in the two vials # 1, £o ahead _ _ N
with the following activity frames.

N ~ :

Note lctivities ]-13 l/xroug/l [-16 should be done BEFORE" -
your newly harched Slies are ten hours old. Furthermore, they o .
should be started in midweek uniess the plan )*ou\w()r/ce(/ ot

with your teacher calls Jfor Jou towork on the weekend! ~

ACTIVITY 1-13. Etherize the adult flies in your vial #1 and ' ‘ CA ' —
plagg them on a white card. ’

- PR

Vial #1




~

FIEES

g

5 curly-winged temale fiies
(They will have red eyes.)

i 18 Iy
Y e

ACTIVITY 1-14. Piace in the cap of vial #2 five of your curly-
winged virgin female flies and five of your partner's straight-
winged male flies. (Do not try to mate curly- winged males with
your stmlghted winged females.)

8 straight-winged male fiies
(They wilt have brown eyes.)

ACTIVITY 1-15. Press vial #2 into lis cap. Be chroful not to
harm any flies in the process. Leave the vial upsldo down untii
the flles wake up. '

)

ACTIVITY 1-16. Return any ol your (not your partner’ s) un—
used flies to the cap of vial #1. Preu vlal #1 into this cap. '
Leave upside down until tho mn wake up. Rotum vial #1
to your toachbf

Py
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-

o mme e
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Make a smaller label like the one shown in g 1-5. Re-
. place the label on vial #2 with this new one. Write the same
information in Fig. 1-5 of your Record Book. Under Feature,
you should write cither the cye color (brown or red) or the B
wing shape (curly or straight) of your flics.

Figure 1-5
-
1
R \
Mating: X
Sex Feature Sex Feature
Your Name:
"Date: Class Section: . Vial 32

-

Depending upon the temperature of your classroom, it will : WHAT HAPPENS NEXT?

be ten to fourteen days until the pacent fhes in vial #2 >

produce adult offspring. During that period they will go (

through what is called a life cycle. The stages in that life

cycle are outlined below. : ~ o
Soon after mating, the female fly will lay tiny white eggs L

on the food in vial #2. If you look closely with a hand lens,

you will be able to see the eggs. They look like those in A
of Figure 1-6.
20 X lite size b Figure 1-6

8 X lite size
Fruit Fly ,EQQ o

FRUIT FLY LIFMYCYCLE
Fruit Fl)l' Larya

S e
- .
~ S
ST Y

=

3 X flife size

7 X life size

About six days after mating, small wormlike creatures
called /arpae will come out of the eggs. You will see them
crawling through the food. They will look like the drawing

28

\
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in B of Figure 1-6. When you see larvae, Jyou should remove
all the adult flies Srom vial 2 Activity -8 will show you
~ how 10 do this. Lo
When the larvae n%}nbout two or three days old, they
will begin to move up the side of vial #2 and form a shell
around themselves. When the brown shell is complete, the
fruit flies are called pupae. Pupae look like C in Figure 1-6.
They will be casy for you to find because of theit brown
color. ' .
e s s e S OME time ~between -the ~tenth “and ~fourteenth—day after =~
- - mating, the pupae will split open and out will comeé the adult
offspring that you want to study. . y \,
Here’s a schedule (Table 1-4) for the next couple of weeks.
It tells you what you will see in your vial #2 and what you
should be doing for the experiment. Keep in mind that not
all fruit flies -develop at the same rate. The Time column
in the chart will probably not be exact for your flies. You
should be at the Day 2 point right now.” '

-

Jable 1-4
u ) 71'

;

Time « | Event

| "‘Day 1+ | " Vial &1 cleared of adults
- Vial #2 prepared

Day 2 Males and virgin females put in vial 2

-

Day 8 . Larvae appear,
' ALL PARENT FLIES
- REMOVED

Day 10 ' Pupae, appoﬁr

Day-14  Adult o.ﬂ"spring »a;;[)»ca'r}\\iial #2

. ¥
4
B

Bldettidan ma v & slumabios | - bt o L T VP . . &

KEEP TRACK OF  Your teacher Wi_lil_tell you where to keep your flies while you
XOUR FRUIT FLIES  wait for them to develop. While you wait, you will be doing
_ - other activities. But you are to check your vial every day and

£

e R  keep track of how the life cycle is coming along. A chart like
' ' - Table 1-5 is in your Record Book. You are to record .the

. -, “date on which you observe or do the things listed on the
16 . CHAPTER 1 - . chart. A | -
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> FIRST-GENERATION PLANNING CHART
Event Date Done or Obsenved - #
. Vial 1 cleared of adulis ‘
Vial #2 prepared .
Males & virgin females.put .
in vial 22 ‘
. Eggs observed . i
Larvae observed
Parent flies clearcd from vial =2
Pupac observed ‘%&»
Adults observed 3 . e
n . "J ¥
Table 1-5
While you wait for your fruit flies to develop, you should '
g0 on with Chapters 2 and 3. But before you do, quickly _
read through the rest of this chapter. ‘
This will give you an idea of the things that you must do
for the fruit-fly experiment. -1f you have any questions about
the chart or the rest of this chapter, discuss them with your
teacher now! ~ Co
®
Right now . . .
Check the first-generation planning chart (Table 1-5) in
your Record Book and put a uate next to anything you have .
already done or seen. '
When your larvae appear in vial #2 you should:
I. Record the day in the first-gencration planning chart.
2. Followsthe directions in Activity 1-17 for clearing the :
vial of adult flies. L CHAPTER 1 . 17
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ACTIVITY 1-17. Remove the parent flies from vial #2 by follow-
ing the directions given In Activity 1-8.

Don’t forget to enter in your planning chart the day that
you first notice pupae in your vial. Pupae are brown objects
that usually stick to the side of the vial.

- When_new ;a(lzz\lts appear in vial #2 you should:

I. Record the day in your first-generation planning chart.
" 2. Do the activities from here through page 20 at once.
ACTIVITY 1-18. When you have 20 or more offspring, etherize
dnd observe them. Record in Table 1-6 either the files’ eye
color ot their wing shape. {See Figure 1-5.) Record also the
number of flies that kshbw_the variation:

Table 1-6

‘
-

E‘ycl Color or Wing Shape Number of Flies

R LI
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C)1-8. Summarize the results of your experiment in Table -
I-7 of your Record Book. :

Table 1-7 .
Feature Variation
(State ¢ve-color or wing~shape varianon.) _ .
Parents
First-generation
offspring ,

.

. [J1-8. How well do your results agrec with your prediction
in question 1-6? . ‘ Q

(11-10. How does what you saw with fruit fljes compare with
\ what you saw with beans and peas (Chapters 2 and 3)?
- ;

Compare the length of the dife cycle described in your
first-generation planning chart (Table 1-5) with the times
found by some of your classmates. Did everyone 1n the class
have the same life-cycle time? If not. what do you think may
have influenced the length of the life cycle? You might want
o try Excursion 1-3. You will discover one possible answer ‘:’:(HIJ RSEON |
there. .

(31-11. Next you will mate some of your male offspring with
some of your female offspring. Predict what you think their
+* offspring will look like. If you predict that you will get more
than one kind of fly, what number-of each kind do you

expect?

¥ ' ’ ' : . .
- In your Record Book, describe- the way you plan to do'the ANOTHER GENERATION .
" cross between ‘male.’ahd female flies from vial #2. The - OF FLIES

procedure should be” very ‘much the same as the one you
followed in your first’ cross:. so you can get some clues by
‘reading back over what you did (pages 9-11). If you have
trouble, ask your teacher or a classmate for help.
When you have described your plan, discuss it with your
teacher. When he approves, go ahead with the experiment.
> Once again, keep track of the days when things happen and
twhen you do things. Do this in the setond-generation plan-
ning chart ir; your Record Book (Table 1-8). . CHAPTER 1 19
N / R - . .

.
.

v 3
o e B ) : oy 2 ‘"A’ 465 : }‘ - AL A O O o R A L T AV, N e C
; ey R i : T é‘?m"?" A
' v“—" N X L“ 3 Hla;g "“- € “ ey N
. ALY 3 oy e ;&i- ¢ it (S el “%n_



P : : \\‘ v . : =
+ SLCOND-GENERATION PLANNING CHART

\ ’ Fvent Dute Done or Obscrvdd

Via) 2 2 cJeared of adults

Vial 23 prepared

Males & virgin fembles put in
;o vial &3 . )

[ -
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GRANDCHILDREN
| THE THOUSANDS
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20 . CHAPTER 11
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Eggs observed

~ 'Y Larvac observed

Pu}sg:m flics clcnrcd l(om vial #3

]

Pupac obscrvcd
\‘. Admls obscrvkd

. - A . B |
Table 1-8

Continue with later ghaptcrs while you wait for your
second-generation flies tq emerge. Observe your vials of flies

daily. When the second-generation flies appear, return to this

chaptcr and complete the next section.

Note Do not go on ro the next sectfon until you have at least
60 second-generation oﬂ,y:rmg Thiswill 1ake about two weeks.
N In the meantime, go on with the next several chapters \

Before you go on, let’s be sure you know whcrc you've bccn

Figure 1-7 diagrams your entire ftuit-fly experiment. o

‘First you found a neighbor whose flies were different from
yours in terms of wing shape or eye color Then you crossed
some of his flies with your flies. Thcsc were the parent flies
for your experimeht.

Then you looked at the offspring. You sh0uld have found-.'

that. they all had either straight wings or red eyes. Fmally
.you crossed a male and a female from among the ofispring.

Now you will find out what the eyes or wings of the second
generation look Ilkc You will decide whether the two-bit- .

model you study in Chapter 4 can explam t%frunt ﬂy data
you ve collcctcd o

33 .
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Brown eye Straight wing Curly wing

|

- Straight wings
[ L
('{ggifu_ . j . :
or
.“
| | 1 Pl
) ? ? ? ? ? ? ?
. Figure 1-7
ACTIVITY 1-19. Etherize your second-generation flies and - i
check their features. Record your observations in Table 1-9 .
of your Record Book. Return the flies to the vial when through .
with them. | ' v
~.
k] 3 \\ ~
?iblo 1-9 . -
: thurc Variation , d
(Srate what eve colors aj;d wi_ng shapes you findy _ :
- , .
. Parcr_)ls Ly
LI Y
Second-gencration ' . . ‘
© - offspring ~ o )
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. Perhaps you would like to know what the chances are of

"{(amB'~] . . . - .

EXCURS .':\" getung one bit of information or another. If so, try Excursion
1-4.

[J1-12. How well do your results agree with the prediction
you made in question 1-11?

[C)1-13. Explain what you observed in the second generation
*.an terms of the two-bit model.

From time to time in this unit, you will be asked to do
Problem Breaks. These are problems for you to solve, without
much help from your book or your teacher. The problems
will usually help you understand what you are studying in
the chapter. But that's not their major purpose. They are
designed to give you practice in problem solving and in
setting up your'own experiments, You should try every Prob-
lem Break—cven the tough ones. And in most cases, you
'should have your teacher approve your plan before trying
it. The first Problem Break in tHis unit is coming up next.

YoplY ..
b S ..
, g \ ]
[ I’ ‘-
‘e \"I )

PROBLEM BREAK 1-1

Examine your second-generation flies very carefully. Try
to find some feature (other than the one you studigd) that
differsfrom fly to fly. When you find such a feature, deter-
Juine the ratio of on¢ type of fly to the other. Then try to
hgurc out what the parents and grandparents of these flies
might have lodked like in terms of the feature selected. Here -
is some information that you may find helpful.

I.-The description you made of you‘f original flies (See

page 6.) * : - o

. The results your partner got from the cross of his flies
~ with yours (See page 18) o

3. Your -partner’s description of his original flies

Describe your results in your Record Book.
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So far the two-bjt model has explained how many (but
not all) of the features are passed from parents to their
offspring. Scientists who study these problems have found
this too. They have been able to expand this model to explain }
cvery situation they have come across so. far. The two-bit
model was propoged about a hundred years ago and 1s still
— -~ the basis of the science called genetics. 1t is considered™o
be one of the most powerful models in all of sciencc. ' 2

-

Now your work with fruit flies is complete. You should .
now return to the place in your book where you Tast. left [
iR ofl. Before you do though, be sure that all your fruit-fly
supplies are cleaned and put back where; they belong. Give ’
any living flies to your teacher for _(”SPQS_Z}L__..’ -
Before going on, do Self-Evaluation 1(“-'{n your Record
Book. ' ' : .
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That’s Using
the Old Bean

At this point you're trying to do two things at once—keep
track of your developing fruit flies and take a look at in-
heritance in another kind of living thing, the bean plaqt.
Once again you will be trying to find some pattern in the
way features are passed from parents to ofispring. '

Unfortunatcly, plants grow so slowly that it would take
months for you to experiment with beans in the same way
you are experimenting with fruit flies. To save time, you will
be given some beans like the ones you would get if you
actually grew plants. '’ '

To begin, you will need a box labeled “Bean Expériment.”
Check to be sure the box contains these items:

1 vial labéled “Parents”

1 vial labeled “First Generation”

I bag labeled “Second Generation”
1 50-mi plastic beaker

ACTIVITY 2-1. Examine the two beans In the vial labeled -
“Parents.” : ’

—




e

AN
EXCURSION!

<

(12-1. In what ways are the beans different from cach other?

Take a look at your answer (o question 2-1. If you listed
sex as one of the differcnces between the beans, you arc
wrong. One of the beans is nor the male parent, and the other
1s not the female parent, If you made this mistake, you would
really gain by doing Excursion 1-1 again.

In answering question 2-1, you could have listed a dozen
or more {catures as different—size, wetght, color, spottedness,
and thickness of coat, to name just a few. Your problem 1is

totry to'find a pattern in the way features like these arc

passed from parents to offspring. '

If you tried to keep up with all possible features at the
same time, the problem would be pretty tough. But there
1S an easier way. Rather than trying to follow all features,
you can concentrate on just one feature—color. e

The two kinds of seed you’ve seen have come from two
different plants that were pure strairis for seed color. Let’s
review what this means. Plants grown from pure-strain beans
for color always produce offspring with beans of the ‘same
color ‘as the parent beans. Figure, 2-1 shows this.

»

Pure-strain brown seed

~ * T

. Pure~sigaln brown seed offspring

DAL et

> - -
L 2

| - 5
R N

In your 'cxpcrir’r)é.r(lwt,_
beans were crossed with plants grown from pure-strain brown
~beans. Then the offspring beans were picked. A sample of
thc‘bc,z_ms that were picked is in the vial labeled “First Gen-

_eration.” . . -
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plants grown from pure-strain white ~
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First generation

ACTIVITY 2-2. Examine the beans In lho viatl labelod “First
Gononllon "

.
..

(J2-2. Which pz\rcnl bean color was the same as the color
of thcsc ﬁrst gencratxon beans? 7

[_“_]2—0 Whlch parent bean color did not show up m the
first-generation beans?

The next step tn the experiment was to plant the first-
generation beans. The plants that grew were then crossed
and a second gcncra(lon of beans w

second- gcncmuon bcans are tn thelbag labeled “Second
Gcncratlon

(J2-4. Before opening the bag, try to'predict the color of
tl)e/bcam in it.

Y

ACTIVITY 2-3, Open the bag and examine a few beans from

lho second gonerallon

[:]2-5 Describe the color of the beans in Ihc sccond—
generation bag. ..

e
.

E

' Comparg your observation with your prediction above.

<

I
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plckcd A few of the
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- [J2-8. In this second generation, arc there more brown beans
or morec white beans?

Reminder Did you check your fruit flies today?

-

1

SAMPLING BEANS You may have read how television networks find out how
' many people watch'a certain program. They do not call

L4 .
R . everyone in the broadcast area. Instead, they call only a small

o2

- _ will tell them-something about the program preferences of
all the people in the area. Let’s apply this idea to your study
of inheritance in beans. "

- S ACTIVITY 2-4. Stir the beans In the second-generation bag.

' : : ' ' Without looking, take out 2 full ‘beakqn of beans. Examine
them ‘and fiil In the first two columns of Table 2-1 In your

Record Book. Thc'm_pour the beans back Into the bag.

The two beak®rs ofbeans are a s.z.imple of the beans in
your bag. The bag of beans, in turn, jis a sample bf the entire

¢

-F . .
second generation. If ygur sample is a good.one, i -can tell
. You something about tig catures of all the second~generation
Table 2-1 -
. L e SAMPLE COUNT OF SECOND-GENERATION BEANS
o Brown Beans - ‘| -White Beans .. Ratio :
28 CHAPTER 2 “i‘i\efsl.uéx‘ﬂ'.t,wj'é'*z. EEY uf.u—».m&:_;uwea'.w f"'-'j,' T U e e s s s e
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A
‘Q One of .the writers of this book took a sample of second-
7 generation beans just as you did. But h.ils sample was larger.
It contained 721 brown beans and 238 white beans. To calcu-
late a’simple ratio, he divided both these numbers (721 and
238) by the smaller number (238), like this:

Brown beans to‘whitc beans = 721 1o 238

= 18§ to 448

Rough ratio = 3.03 to 1

The Writer’s sample contained about three brown beans for
every one white bean.
Rounding off his answer gives a ratio of about 3 to 1.
If you don’t understand how this calculation was made,

B soc Excursion 2-1, “Ratio Simplified.” { =XCURSION '
T, [J2-7. Using the data from Table 2-1, calculate a ratio for
your sample of second-generation beans. If you have trouble, )
‘_ . turn to Excursion 2-1. ' '
2 .. Number of brown beans o n
to white beans = _____~ to
{ ' . .Rough ratio = 'to

Rounded-off ratio = to

(J2-8. How does your ratio compare with our writer’s?
~ Figure 2-2 diagrams the experiment you have just studied. -
,' N ~ Notice that the colors of the first- and second-generation
: . beans are not labeled. '

O2-9. Study the di'agram carefully and add the mis_sing.'in- |
~formation on bean color and ratio. . S . CHAPTER 2 29
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p3
Brown bean ) White bean
§
: Parent plants .
/ \ | v
S What color were the
\ - first-goneration beans?
" Ficat-genération beans ZJ
\
. \ :
~ ?
- v - i
X- First generation
lant
P ne : *What color were the
. second-generation beans?
" ~ X /\ 'I') .
'Socond—genort_ﬂllog‘ ! g ; :, M } Ratio = . to, .
beans ) e ) = - brown white
Figure 2-2 . T
Note In this example and Ihroug}xout the unit, the symbol
X is usea’ fo mean a mating or a crossing,
£l “ ) 3
At this point,”you might be asking several questions:
. S b
. _ I. Why were all the first-generation beans brown even
. . though one parent was a pure strain for white and the
: other parent was a pure strain for brown? .
2. Why were somo,second-generation beans white even
- though both parents produced brown beans? :
3. Is there anything spccml about the 3-to-1 ratio of brown -
beans to white beans in the second generation?
4. Do Yol get similar reeultq when you cross other plants
and ammals” ; »
: Thcsc are somc of the questions you’ll be trymg to answer
_ S : _ in the next several chaptcrq Keep (hcm in mmd as you
| - 30 . CHAPTER 2 ° . proceed.
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PROBLEM BREAK 2-1

An ear of corn contains a lot of kernels. Each kernel is
A separate seed that can grow into a new plant. The ears
of corn shown in Figure 2-3 represent three generations. Two
different pure-strain parents produce a first generation. A
second-generation offspring was produccd from a tross of
first-generation plants.

Figure 2-3
184 ' .
) e 1
s l‘ t{‘ ’ T3 ~Pure-strain parent
4 '
+H JRASY 'l Pure-strain parent
asea8iten :
AN
A - N
T ) € First generation
yenes ,
r o

First generation

&) Second generation

»

Study Figure 2-3 carefully. From your observations, dia-
gram a pattern of inheritance for the corn seeds like the
diagram for bean seeds given in Figure 2-2. How does the
- ratio of colors in the second generation of corn seeds compare
with the gone you found for bean seeds? ! g

Record your findings in your Record Book.

. A
RomlnderA Don’t forget to watch your fruit flies daily. Before
going on, check your calendar to see where you are in your
fnm -fly experiments. -

K3

Before going on, do Self-Evaluation 2 in your Record
Book. - - : . . CHAPTER 2 3t
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Watch Your Peas'and_ Q’s Chgbt‘er 3

PY

, " In the last chapter, ‘you observed how features in beans are
: ~passed from parents to offspring. By thinking about only one YOU SHOULD
~ feature—color—you found a pattern of inhertitance. Let’s SEE MY

review- what you did.

PARENTS/

L. Pure-strain brown X Pure-sirain brown
When pure-strain brown-bean plants were mated with
pure-strain brown-bean plants, only pure-strain brown-
beam: offspring resulted. Similarly, a cross between
\_. pure-strain white-bean pareats produced only pure-
" strain white-bean offspring, (See*Figure 2-1.)

2. Pure-strain brown X Pure-strain white

Lo You saw a different pattern when plants grown from
: . pure-strain_brown beans were mated with ohes_ grown
Lt from pure-strain white beans. In this case, only brown
t beans showed up in the first generation. But when plants ‘
Voo grown from the first-generation brown beans were . 11
: mated, both brown beans and white beans showed up
’ in the second generation. There were three brown beans
i for every one white bean. (See Figure 2-2.)
R , _ .
: Does this pattern hold for other bean-plant features? Does
E it hold for other plants and animals?‘ If it doeﬁou could
> use it to make predictions about the offspring of Other sets
. [ - of parents. ' oy . _ '
b - Let’s try to use the pattern to predict the inheritance of X
4 .-~ features in garden peas. If pea plants and bean plants follow

.. the same pattern in passing features to their offspring, your

prcdictiox&s‘ should be accurate. - oy - 33
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To begin the activity, you will need the following items:
6 packages of pea seed, numbered 1 10 6
(Do not open these until told to do $0.)
I petri dish
\. - ACTIVITY 3-1. Open packbgo #1, pour the peas from the

package into the petri dish. After answering questions 3-1
through 3-3, return the peas to the package.

5

(J3-1. List at least two features common to all the peas in \
package # 1.

(C13-2. Can you tell by lobki.ng at these peas whether or not - ,
they are from a pure strain? Explain your answer. o

~

! .

[13-3. Suppose two of these peas were planted and the re- ‘
sulting plants were crossed. What features do you predict L
the next generation would have? | L |
. Like the bean plants in Chapter 2, pea plants would take
months to p'roduc_c another generation. Therefore, you will - ‘%
dgain work with peas gotten from an experiment done by '
someone else. The peas you study will look Just like the ones
that the original experimenter used. EEE
First, peas like the ones in package # 1 wére planted; then
the plants that grew were crossed. The offspring plants pro- -
duced peas like the -ones in package #2. (See Figure 3-1).
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Planted ioeds
from package # 1

4/ .

A

Aduit plant‘a

v

First-generation seeds .
from package jt2

¢
ACTIVITY 3-2. Open package #2 Examine the first-

generation peas. Return the peas to the bag after answedn(‘; "
questions 3-4 and 3-5. - .

s
o
¥

(J3-4. How do the features of the first-generation peas in
package #2 compare with the features of the parent-
generation peas in package # 17

L13-8. How do the features you see in the first-generation
peas compare with the prediction you made in question 3-3?
. X

Planted seeds
tfrom package #2

Adult plants

* [* “Second-generation seeds
QY W& from package #3

@

~

CHAPTER 3
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[J3-6. Supposc you planted these first-generation peas and

‘ crossed two of the offspring plants. What do you predict the
second-generation ‘peas would look like?

7 [3-7.Explain why you made the prcdiclions you did.

In the original experiment, peas like those in package #2
were planfed and the resultant plants were crossed. The peas
in pagkage #3 are a sample of the second generation. Exam-
ine these peas now: -

- - . - .- o

»

-

(J3-8. Was your prediction in question 3-6 correct? .
/ -

[J3-9. What features do t.hc.pcns in packages # 1, #2, and oo
- #3 have in common?

(1)3-10. Whatdo wq? call plants that always produce oﬂ"épring
exactly like the parents? - .

e

) ’ 0)3-11. Suppose some 6f the '-pcas' in package #3 were
1 : planted and the resultant plants w2re crossed. Predict what
' the offspring peas would look like. ‘

‘Return the peas to package #3, fasten the package, and
- B return it to the supply area. :
N " In answering the tagt few questions, you probably used

- ‘ _the idea of pure strains. Det’s review the meanihg of the term
' pure strain. Remember that scientists prefer to define their
terms with an operational .definition.
“ . ' e . S
[J3-12. Give an operational definition of pure strain. (See
Excursion 1-2 if you need help.) d

e

- In the next section, you will study the inheritance of still o S
another feature of pea seeds. Before g'c:_g)é on, however, study | ~o
Figure 3-3 to review what you _have found so far. : B

Figure 3-3 _ : .
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Package #4 contain$ seeds from a kind of pea NOT rclated
to the ones im packages #F, #2 and #3.

ACTIVITY 3-3. Examine the peas in package #4. Return the

pnt’lo their package after answerlngﬂques!lonsﬁd:! through
3-16.

[J3-13. List at_least two features common to the pea

s,
package #4. ~ A\

(J3-14. How do the fe'alureé of the peas in package #3 differ
from the features of the ones in package # 4?7

The peas in package #4 were first-generation peas. These
peas had features like those of the parent peas.

3, : =~

MORE AND
DIFFERENT PEAS

, B Figure 3-4

' Planted seeds

» from package # 4

1 .

V. I

: i
.i“] .
, -

x Adult plants
\/ J/ Y -

» n
A g é«’)‘:s é;x ,0 Secornd generation seeds?
NS, 5 _

. A

(J3-18. Suppose these ﬁfst-generation peas in package #4
were planted and the resultant plants were crossed. What
do you predict the second-generation peas would look like?

‘[3-1e. Explain Why you made the prediction you did.

¥
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o Let's simplify the study of inheritance in these peas by -
concentrating on just one fc{|(1|r3~—shzl_[)c. For the moment
we will study only the inherirance of seed shape in peas. -

-+ - [J3-17. What was the shape (round, or wrinkled) of the
pure-strain peas in pnckagc/ #3? :

(J3-18. What was the shalpc (round, or wrinkled) of the
pure-strain peas in package #4? '

R

’

--- =+ Inthe original experiment, an interesting cross was made.

. . A plant grown from pedS like the ones in package #3 was

crossed with a plant grown from peas like the bnes in package
#4. Then the first gencration of peas (package ¥£5) was
picked. "

(el

FFigure 3-§ °  prr-
' i)

PERAS e <, PEAS ot . [EAS
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In answering the next question, let’s assume that the in-
heritance of seed texture in peas follows the same pattern
as inheritance of seed color in beans. '

. [J3-19. What do you predict the peas in package #5 will
look like? '

ACTIVITY 3-4. Open package #5, examine the seeds, and
answer question 3-20: Then replace the seeds in package #5,

close It, and return it to the supply area.
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(J3-20. How do the features of the pecas in package #5
compare with the prediction you made tn question 3-197

(]3-21. Which parent do the peas resemble more?

- The original experiment was carried one step further.
Sceds like those in package #5 wcere planted, and some of

the plants that-grew were crossed. Sccond-generation peas L :
were picked from the offspring plants (package 16). ,
P .
Y

(J3-22. What features do you predict the second-generation -
peas in package #6 will have? (Include a rz\léo.) .

ACTIVITY 3-5. Open package #6 and examine the seeds.
Answer questions 3-23 through 3-27. Then replace the peas
In package #6, close it, and return it to the supply area.

- ,
i .
r [J3-23. -Record the number of smooth and the number of
. wrinkled seeds. )
(J3-24. What is the rounded-off ratio of smooth seeds to
, wrinkled seeds? ‘ - o
i : . :
B (J3-25. How do your observations compare with the predic-
{ tion you made€ in question 3-227 v
; [J3-26. How does this ratio compare with the ratio of seed
3 cdlor you found in the second-generation beans? (See Table Y
. 2-|') . - . . .
(13-27. In what way do beans and peas follow a similar - - _. ;
pattern of inherttance? L , CHAPTER 3- 39
o
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Your observations on the inheritance of seed shape and
color i beans and peas show that information about particu-
lar features 1s somehow passed from parents to offspring. The
message seems 10 have been communicated like this-

. When o individufls of the same pure strain are
crossed, all 'oﬂ‘spring should look like the parents.

. 2. When two individuals of different pure strains are

| R _ crossed, the oflspring should resemble one jparent but

; not the other. ’

' | . 3. Second-generation offspring of parents of t¢o different

N | ' " pure strains should look like either strain, but the fea-

tures of one strain show up three times as often as those
of the other.

:?‘?’_

You have found a similar pattern in beans and peas. Does
L}y’s pattern hold true for other plants, too? Let’s see!

" Pick up three petri dishes of sprouted tobacco seeds. Count
the number of shoots of the two colors you see (green and
white). These plants came from seeds of second-generation
plants. Figure 3-6 diagrams_the crosses that weére made.

Figure 3-6 . ' “ .
. ? , _ : ?

~ " - Pure-strain parem X \ Pure-strain parent : !

NP —

? _ ' 7

5 o ) . Flrst—generation_plam ' )] ) “Flrst-generatlon plant -
\
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Let’s assUJnc that tobacco plants follow the same pattern
of inheritance as beans and peas. ,

Try working backward from the second-generation plants
in the petr dishes to predict the color of the first-generation
and of the pure-strain parents. In your Record Book, draw
up a table of your predictions. = s

Easily seen features of pea seeds and tobacco seeds have
taught you still more about inheritance. In the next chapter,
you'll ™ asked to develop a model to explain the pattern
that you haye seen here. If you like a challenge, you might
try to think of your own model now. If you've come up with
what you think is a good one, describe it.in your Record
Book. Later you can check to see how good it really is.
Reminder Don't forger to watch your fruit flies daily. Before
going on, check your calendar to see where you dve in your
Sruit-fly experiments.

-
A

Before going on,-do Self-Evaluation 3 in your hecord
Book. '

)
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\Bits of Information

Your observations have shown that parent peas, beans, and
corn plants all pass features to their offspring in the same
way. In this chapter your problem will be to develop a model
with which to explain the pattern you have found. &

Let’s start by summing up what you saw in the bean seed
cxperiment.

4

Each parent plant- had beans with a distinctive color.
One pure-strain bean parent had brown beans, and the
other pur?stram bean parent had white beans.

2. Only one Seed color showed up in the first generation;
all the beans of the first generation were brown.

3. In the second generation, both seed colors appeared
again. Some second-generation plants had brown beans
and others had white beans. _

4. In the second generation, the ratio of colors was three
‘brown beans to one white bean.

-

. X | G ;.mit-

Pure-strain Pure-strain
brown white

|

Brown Brown

. SQcond
. ' gononllon

Brown -, quWn "--

4 \m.,'& S TR i AR
. . 1

-

i
. . First generation ¢ .

Chapter 4

Figure 4-1

&




(J4-1. For what feature did the peas you studied follow a
pattern similar o the one shown in Figure 4-17

) ‘ The model you develop for how parents pass on their
features must explain why the bean experiment turned out
as it did. More than that, it should enable You to predict
the features of the offspring of other kinds of plants and
animals. : '

". s BUILDING A MODEL You may already have decided that a message that deter-
mines the features of the offspring is somehow sent from
parents to their offspring. Let’s assume that this js true, and
- call this message a “‘bit of information.” '
- ) Let’s assume that offspring get all their bits of information
' from their parents: In other words, a brown bean is a brown
- bean because it got a bit of information that says “Form
brown color” from either one or both parent plants. A white
bean has a bit of information that says “Form while color,”
which was passed to it from one or both of its parents.
As you should know by now, in building a model you can -
make any asgumptions that seem reasonable. In building your
-~ . model, you could assume that every individual receives from
his parents one, two, three . . . or more bits of information
for each feature. But the scientist always tries to build the
simplest model that will explain his observations.

pY

| TN
- THE ONE-BIT MODEL The simplest model obviously assumes that each individual .
. . ‘ /"~ has just one bit of information for each of its, features. The -
N o\ bit ofinforma;ion was passed along from one.parent or the
s R g “.other. Let’s see how well this simple model explains ghe
o pattern you’ve 5secn'in. the obBservations you’ve n}adc. e
According to, this one-bit }n_odc_l, brown beans received one
bit of information for brownness, and this is what makes | ‘
E . them brown. White beans, on the other hand, got a bit of :
44  CHAPTER 4. information for whiteness. ' ‘ -
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“To help you understand the way this model works, you
will use plastic squares to represent buts of mformation. A
brown square will represent a bit of information that says
“Form brown.” Likewise, a colorless square will represent
a bit of information that says “Form white.”

Pick up these materials from the supply area:

2 paper bags
] brown square
I colorless square

Draw one square
from e/ther'one of the bags.

ACTIVITY 4-1, Place the brown square In one bag and the
colortess square in the other bag. Each bag now represents
one pure-strain parent. Draw one square from either one of
the bags. The square represents the bit of information passed
on to a first-generation offspring.

Figure 4-2B reviews what happened when you crossed
plants grown from pure-strain brown beans with plants grown
from pure-strain white beans. Figure 4-2A shows what you
know about the bits of information involved.

Use the one-bit model to answer the next five questions

about the experiment shown in Figure 4-2:

]

wy
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=
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Figure 4-2A Figure 4-28B A"
Brown bit White bit Pure-strain Pure-strain
of information _ of information parent f1 parent # 2
. Pure-strain Pure strain - Brown White ;
parent #1 . parent 2 First generation |
Flrst generullbn h
? bits of information
-
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[)4-2. What bit of nformation for seed color did the pure- )
strain parent # | have? -

(L]4-3. What bit of information for seed color did the pure-

strain parent #2 have?

(C)4-4. What color were all the first-generation beans?

[J4-5. In Activity 4-1, what color square (bit) did you pick
from one of the bags (parents)?

(J4-6. What color square (bit) would you have to pick in
oxler to produce the first-generation bean shown in Figure

- 4-2B7

(J)a-7. According to the one-bit model, did the first-gen-
eration beans get their bit of information for color from
parent £ 1 or parent #2?

The one-bit model explains the first generation only ifyou
assume that all the first-generation offspring received a bit
of information for brown. This bit woyld have had to come
{from parent #1_. - _ ) )

(J4-8. Why couldn’t parent #2 have subplicd a brown bit
of information?

Parent #2 had only bits of information for white. It ap-

parently contributed no bits to its offspring.

Now let’s try to apply the one-bit model to what you
observed in the second generation. Figure 4-3 reviews that
experiment. '

)

Flrst-genemuon,parem First-generation parent
X ’

Brown . Brown T

' - Secénd-crop plants

3 Brown to 1 White
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. (see Figure 4-3)?

Let’s use the one-bit model 1o see if we can duplicate the
results of the experiment. - ‘

ACTIVITY 4-2. Place one brown square In each of the two
bags. Each bag now represents one first-generation plant.

.Draw one square fr(’)m_‘ﬂgllher"one of the bags. Each square

represents a bit that could ba:passed on to a second-genera-
tion offspring. .

1

;/;
L

Draw one squarq,
from either one of theé bn{s. -

(J4-9. If you tontinue to draw squares (bits of information)
from either bag (parent), what color square will you alwayp
draw? R _ ¢

(J4-10. Using the ofie-bit model, .how can you explain the
reappearance of the white beans in the second generation

v

4 . e

PROBLEM BREAK 4-1

If you were able to use the one-bit model at all to explain
why white beans showed up in the second generation, you

- probably had to make some pretty strange assumptions.

-When this happens, it's a good idea to search for a more

_useful model. The rest of this chapter will help you to do

this, but first you havé a chance to work on your own. Try

‘to develop a “bit-of-information model” that will explain the

four points listed on page 43. ‘[In building your model, assume
that different numbers of bits of information are passed
along. Then decide which number of bits works best. Spend-
up to one full day with this, and describe in your Record
Book the best explanation that you can come up with. ~

3
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: Perhaps your mode! will do the job; perhaps not. But one
- . e l: . B ¥
: thing is surc. The one-bit model is in trouble. Let's look at
I the next simplest possibility—a two-bit model.
: v B
i

! A TWO-BIT MODEL For this moc‘_cl, you will assume two things: (1) every indi-

h 4 vidual has two bits of information for each feature, and (2)
i . o ) one bit for each feature is passed from each parent 1o its
offspring. To make it easy to understand what is happening,

,‘ you.will again use the plastic squares. This time you will
necd two”brown and two colorless squares.

Let's try to usé this” two-bjt model 1o explain the experi-
~ ’ ment reviewed in Figures 4-2 and 4-3.

‘ . Rendpber that pure-strain brown-bean’ plants crossed
: . with similar plants aﬁt’ﬁys produced brown beans. This makes
1 . 4 . it reasonable to suppose the pure-strain brown-bean plants  *
® can pass along bits of information for brown only. Similarly,
RPN pure-strain white beans must pass: along only bits of infor-

mation for white, o

. ACTIVITY 4.3, Place two brown squares in one bag and two
. coloriess squares In the other bag. Each bag now represents
one pure-strain parent. Draw one square from each bag. Stack

the two squares together. These two squares represent one
offspring.

Draw one shuah )
- from each bag.

con

If you followed the directions correctly, you got one brown
~and one colorless square. The squares represent the bits of
information that the offspring received from its pure-strain
brown-bean parent and its pure-strain- white-bean parent.

.o _ [J4-11. What is the only combination ofﬂ_bits. of information
‘48 CHAPTER 4 (squares) you can get by selecting one bt from each bag?
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3

- [D4-13. What is the overall color of the two-square stack?

You now have an thrcsﬁ.ng problem. You know that the
offspring from the crbss of a pure-strain brown-bean plant
and a pure-strain white-bean plant were all brown (see
Figure 4-2B). Yet your two-bit model suggests that each of
these offspring received a bit of information for white from
its white parent. Why didn’t the white bit show up?

(J4-12. An assurnption about the bits of information can
explain why only brown beans showed up in the first genera-
tion. What is that assumption?

Perhaps you had trouble with question 4-12. If so, an
activity with the squares may help you out.

ACTIVITY 4-4. Place one brown square and one coloriess
square In a stack as shown. Hold the stack up to the light
and look through It.

[(J4-14> What assumption about bits 6finf0rmzlt_i0n does this
suggest to explain why only brown beans showed up in the
first generation?

Important assumption iy

Suppose we make an important assumption about in- |

herited bits of information—the bit of information for brown
can mask the bit of information for white. This means that
a plant with one bit of information for brown and one bit
of ihformation for white would produce only brown beans.
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Use your two-btt model, _including the new

assumption,
o answer the next two questions.

[J4-15, What bits of information would offspring get fronf

' & cross of pure-strain brown-bean plants and pure-strain
i white-bean plants?
i
!

[J4-16. Assuming that the brown bijt of information can
mask the white bit of-information, what color(s) would you
. _ - eXpect the first-generation béans to be? '

- [J417. What color were the first-generation beans (see
‘Figure 4-2B)? -

]
So far, so good. But what about the second crop? You will

remember that this is what happened when the first-genera-
tion plants were crossed:

Brown Brown

. 3 brown and 1 white
first generation first generation

in second generation

e

Can these results be explained by the two-bit model? Let’s
try an experiment to find out. oy

A

X . =

i (J4-18. What combination of two s uares represented the
; . - . q . p -
it bits of tinformation of the first-generation offspring? -
‘ ' | N\ o - |
' f The first-generation o spring are also the second-genera-
i tion parents (see Figure 4-3). Let’s see what would happen -
| if beans from two such. parents were planted and a second
! generation produced.
E ACTIVITY 4-5. Place one brown square and one colorless

square in one bag (parent #1). Place one brown sguare and ° o v
one coloriess square In the second bag (parent *#2).

~— . I

These two bags. now rebresem the parents of the second . ‘
generation. Remeniber that .each square stands for a 'bit of
information. : '

§
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and repeat the procedure at least 60 times.

1

(14-19. According to the two-bit model, how many squares
should you take from each bag to produce ‘'a second-
generation offspring?

Well, now you have another problem. Each one of this
pair of parents has two different bits of information. But only
one bit can be passed along to the offspring. from cach par-
ent. The question is, “Which one?* - A

Once again you can use the “keep it simple” rule of model
building. About the simplest answer 1o the “which one”
question is “either one.”” That is, you can assume &ne bit
has as much chance of being passed on as the other.

In a moment, you will, blindly select one square (bit of

information) from each bag. Either square in cach bag has
the same chance of being selected.

[14-20. Place a check mark in your Record Book next to
each combination of squares listed below that you could pick.,

“Two broww squares

One brown square and one colorless square
Two colorless squares

A%TWITY 4-8. Without looking, reach in and take one square
from each. bag. Indicate with a check mark in Table 4-1 In
your Record Book the combination of squares you got. Return
each square to the bag from which it came. Shake the bags

»

Note’ The success of this activity depends upon your honesty.

_ At may be possible to tell the squares apart by the way they
- feel. Do not let ihis influence you. Take the first square you

touch each time. p
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Sixty trials may scem like a lot. You might think that two
or three times 'would be enough. A little later you will see

| why so many trials are necessary.

Table 4-1 B Cow e
i _ i -
}

COMBINATIONS OF SQUARES IN SECOND GENERATION __-'

\ 1 Brown
2 Brown 1 Colorless 2 Colorless

Check
marks =

[

I -

Totals ~

IS1Y

, Use the data in Table 4-1 {0 complete Table 4-2. Remem-
! ber that each pair gf squares represents a second-generation

| offspring. Remember also that brown bits can mask white
; -bits. @

Table 4-2
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(J4-21. How does the ratio of brown to white in Tai)lq 4-2.

compare with the color ratio you actu ally found earlier (Table — -
2-1)? “ ' - '

3

. | o Did you find three combinations of bits for brewn beans
. for every one resulting in white? If you did. not, check over :
your work. B
Well, the two-bit model shounld have passed the test fairly
well. It accounts for the observations you’ve ‘made. To be

: . : sure that you are clear on what your model 'says, let’s try
852 CHAPTER 4 to state it clearly. o ' :
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ANYBOODY
GIVE ME
TWO BITS}
FOR THIS

BEAN ?

.

Reviewing the qwo-bit model .
L. Every inji\$\dllal-has two bits of informatiogefbr each
- feature; the individual’s appearance depends mn what
- those bits are. - - -
2. During reproduction, each parent passes to its offspring
.one bit of information for each feature. This gives the
offspring its two bits for each feature. -
3. Chance determines-which of the two bits for a feature
1s passed from parent to offspring. - )
4. If an individual receives two different bits of informa-
' tion for a feature, one bit may mask the other. -

. Your two-bit model is very much like the one now used

by scientists. A bit of information has been gotten as to what |

these bits of information are like and where they are located.
The story of how this information was gotten is quite inter-
esting. When you get to Chapter 6, you'll have a chance to
do Excursion 6-1, which will teM ybu a bit more about it
and about bits, too. If you're really interested, you might want
to take a look at this excursion now. = ST

D
PROBLEM BREAK 4-2 Lo

N
-

The two-bit model explained nicely your earlier observa-
tions bf bean seeds. ‘But remember that a good model will

hclp you to preaict_ as well as to explain. Can the two-bit

model predict as well as eXplain? Let’s see. .
The results of three crosses with bean plants are drawn
on page 54. For two of the crosses, the offspring’s beans have

ot been described. It is up to you to use the two-bjt model”

to predict what color the offspring’s beans will be. Discuss

your results. with your teacher, your classmates, or both. Write _

in "your Record Book a brief description of how you used
the model to predict the bean colors. T

-

.,
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Bean Cross #1

) + Pure-strain Pure-strain " Brown-bean
white-boan )( brown bean - first generation
) parent parent plants .

"Bean Cress #2

Brown-bean . Pure-strain - .
' . first generation X white bean = ? bean plants
PN piant plant

Bean Croes #3

\
Brown-bean x Pure-strain = we . o e ~
first generation brown bean 7 bean plants ’
plant plant

*

Hint In solving the problems, you may want to set up expei- '
. ) . NS
“ments like the ones shown in Activities 4-5 and 4-6.

R ' PROBLEM BREAK 4-3 A%
- ' Will other’ models. work: a5 well as your two-bit model? ~
Here’s your chance 1o find ouy. You may test as many models
. as you like, but do not spend more than one period on this
~ Activity."As a star, you might try a three-bit model; then
| B . a four-bit model; and so on. - L
‘ . ’ o First, insert some number other than one or two in the
' ‘model description gives below. (You’ve already used those.)
N “"Then try to use the ngw model to explain your bean-seed
| - observations. Describe the results in your Record Book and .
state whether ‘or not the new model is a good one. --- )

1. Each individual has bité\'rofinl{)rmatio'n foreach -
. feature; the individual’s appearance depends upon what
those bits are. ' : L
o - - 2. Duning reproduction, each purent passes ~ - bit(s)
: : of information for each feature to its offspring. This

gives.the offspring its .. bits, .
_ ] 3. Chance determines which bits are passed from parent™
b 0 oftspring. »

- : - 4. Some bits of information may mask other bits of infor-
‘54 . CHAPTER 4™ - - mation. .~ - '
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Suppose you were given some brown bean seeds but were
told nothing about their parents. How would you know
whether or not they were a pure strain? Could the two-bit
model be used to explain the background of these seeds?
Let’s find out. ' ! “¢

According to the two-bit model, a plant may carry bits
of inform?\ion that don’t show, because, one bit of informa-
tion may mask another bit of informatign. Scien(its find a
fest cross useful in finding out if organisms have “invisible”
bits of inforguation,

In a test cross, yows/thc unknown plant with a known
plant. Let usiconsider the unknown plant first, If you were
.given some brown seeds, they could have either of two posst-

ble sets of bits. They could be either: Ve

-t

/ : .

;G ®
S ) P .
Pure " Impure (Ong bitfag hrown. i
{Two bita for brown) one for white)

n

-

- Let’s see what would happen if you planted one of the

. brown seeds and crossed the new plant with a pure-strain

brown plant. - . ‘
Figure 4-5A shdws what the offspring would be like if the

unknown seed~bad iwo bits of information for “Form

brown.” Figure-4-5B shows what the bﬁs%‘%ting would be li'x

“if the unkhown seed had one bit of information for “Fo

white,” '
f\f,k';"jél o

brown” and another for “Form
Figure 4-5A S

3

. Figure 4-5B -

TEST CROSS

a

Figure 4-4

y -

[

lmpure
unknown”’

.Pure ~
unknown”

Pure-strain
brown bean

+ | , Al brown-séed offspring

‘s . -

Pure-strain -
o brof)n_boan

-:v‘ﬂvﬂ‘u' f
AL L Ay

\
R

_ [EPP J—
v

t - N
e

o 1. o FEN oy B A
U ORI A Al b, fa IR ‘%ﬁmﬁhw.?&‘kywﬂv»_

OREY MY gepeidrllathy TRy mbs, Bt o * T e oW 12 0oAt0d Mok B ad AT )
s L S e ety

‘

£ X3




. .

< LTGRO I i Tapide CRETEIOL P B o e gy e 3 - Ay - | Mydane LG LM LYY

Kihe 1 ¥ b ) T gy > - T T T Y Lo EAT TR Y ~'- ‘e gs '\ A ™ RS ;s Y hge ¥ v = A At
% MR A A £ ! ) oy . RS 2}

q . ‘ If you wl‘ch you can tést lhc two crogses shown tn Figures
‘B _ -4-5A and 4-5B wnh the plasuc squmcs and bags.

. ' [J4-22. Whatyolor seeds rcsulled from both crosses? N

'(J4-23. Does the cross shown in hguree 4-5A and 4-5B tell
you whether your Gnknown secd was pure or impure?

gm -24. Explain. why a pure-strain brown-bean plant is not
~ ' goo\d plant (o use in a test cross. ™ -

. \ . .

5 A tE T Obyiously, you have to make some other type of -cross.

¢ - Figure 4-6 shows such a cross; plants grown from unknown

' seeds are crossed with pl'\nts known to be pure strain for - o

X whntq seeds. - - e '

A

& ST ;/H& Figure 4-8 ‘ : .

@ ‘ - >

~ . v ~ * Yf""
A 4
. ) “ - v\ “Unknown'' Pure-strain, white seads

BN { - ’ e . —ulialf the seeds-are brown Half the seeds are white
' | | i ' ' _—

. . : (J4-25. What color qeeds resulted from the two crosses?

! ~G T . D4 26. Compare your answers for quequons 4-22 and 4—25 o
E . T How do they differ? . ; -

s 2 A

RER [:]4 27. How could you use a cross like, this to té i’%«,hether s "
your. unknown seed was pigge or 1mphre'7 - ey :

‘ % ' - , Da- 28. Explam why a pure-strain white-bean plant and not >
L. e : a‘pure-strain brown- bean pl@{mustv be used in a test cross.

. ; T ' - [4-29. What ratios are found in a test Cross usmg a pure- . S
P S S strain white bean? ' ' . . . = T _
S e« ) } :
""‘ S . - .~ Now you should tackle Problem Break 4-4 to see how well . g g
t» . 56 CHAPTER 4 you understand the idea of a test cross. 3
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PROBLEM BREAK .4—4

Suppose you were given some smooth pea seeds but were
told nothing about their parent plants. How could you find
out whether they are pure strain br not? Describe your ex-
periment in your Record Book.

‘Ratios, ratios, ratios. You either have to be tired of them
by now or very suspicious. Aren’t you suspictous of the 3-to-1
ratio that keeps showing up in pens, beans, and tobacco
plants? A scientist rarely accepts a fact without proof. If you
would like proof of why certain ratios keep reappearing, turn
to Excurglon 4-1, “Don’t Flip over This.”

JReminder Don’s Sorger to watch Yyour fruit flies daily. Before

going.on, check your planning charr to see where you are in
your fryit-fly experiment. :

-

Betore going-on, do Self-Evaluation 4 In your Record
Book. ' .
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. parents pass their features on to their children? Lets try to

Either Heads or Tails Chapter 5

It's time to take a good look at where ydu’ve been and where

you’re going. It’s taken you four chapters to develop your .~ -
“two-bit model.” The two-bit model you’ve built assumes ‘
that: :

il ' ) ¥
1. Each individual has gotten from its parcnts two bits of '
information for each feature.
2. During reproduiction, each parent passes to its oﬂ'spr.ing
one bit of information for each feature. .
3. Chance determines which of the two bits is passed from
parent to offspring. '
4. If an individual receives two different bits of informa-
tion for a feature, one gn may mask the other. /

- —

The model seems to work with pea seeds, bean seeds, and -
tobacco plants, and you will soon be finding out if it works
with fruit flies. But can the model help to explain how human

find out.

First, you'll study the ability of people to taste a hannlcss
chemical called PTC (phenylthiocarbamide). To bcgm the
experiment, you will need four or five slnps of paper that :
have been soaked in PTC. 59 o
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ACTIVITY 5-1. Put a plece of PTC paper into your mouth and
chew it. Have severa!l of your ¢lassmates chew PTC paper. . ]
Also, check with any others who have already chewed PTC.

(J5-1. If anyone could taste the PTC, how do they describe
the taste? -
2.

L -
[J5-2. How did those who could not taste PTC describe their
experience? ' : -

: : . [J5-3. If anyone got a different taste from the others, de-
\ e . scribe it.

c
- . s

[7]5-4. Evcry student might have chewed something to pro-
vide a control for this experiment. What was it> (Go-ahead
and have them do it as a check, if you wish.)

As you have just discovered, some people can taste PTC
and some cannot. Figure 5-1 shows the response to PTC
among members of a make-believe family—the ‘Smith fam- .
. ily. Look it _over carefully. Notice that the chart shows .

, ' - whether or not each famdy member could taste PTC. It also

' ' shows how all of the family members are related to one

| another. ' . v ‘

S ' : . Now lets try to use the two-bit model fo explaig the Smith
b : _ family data, The description of the model on page 59 may ’
' be helpful as you answer the next few questions. .
- Begin by looking at Grandfather Smith and Grandmother
Smith. One is a taster, and the other one is‘a nontaster. They

60 CHAPTER 5 had four children. _ _ o
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Grandfather Smith
Tastor

Nontiaslor

Grandmother Smith

00

00

-

Grandtather Jones
Nontaster

Qrandmother Jones
Nontastor

OO

OO

Mafy Smith

Ted Smith }|. Fred Smith
Tasler

Taster Taster

John Smith
Taster

Sara Jones
Nontastar

Harry Jones
Nontaster

Tom Jones
Nontaster

OO

OO

OO0 OO0 O O OO

OO0

A\

Sally Smith
Nontasier

(OX©)

Mike Smith
Taster

OO

Jane Smith
Nontaster

OO

Sam Smith
Taster

OO

o
Figure 5-1

[]56-5. Suppose you assume that the two bits of information
for tasting PTC are “taste” and “nontaste.”” Which of these o
bits seems to do the masking, and which ijs masked? Look

at statement 4 bf the two-bit model op page 59 before an-

swering. . \ '

-

e

-

Scientigts usually call the bit for the feature that does the

- masking the dominant bit. The bit for the feature that is

masked s usually called the recessive bit, Usnally they use

a capital letter, such as T, to represent the dominant bit and
a small letter (like t) for the recessive bit,

Under each name in Figure 5-1 in your Record Book are
two circles. The circles represent the two bits of information
of that person for taster or nontaster. Assuming that T stands
for the taster bit and t for the nontaster bit, you are (o
properly label each circle with a T or a t. Your answers (0
questions 5-6 through 5-9 may be of help-to you.

According to your two-bit model, every member of the
Smith family has to have two bits of information for tasting
PTC. ' i

[5-6.- Which two bits (T or t) must every nontaster have?
| Why? S _ SR
.Use the correct letters to label the bits (circles) of all the

nontasters in Figure 5-1 in your Record Book. CHAPTER 5 61
7
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(C18-7. Tasters might have cither of two combinations of two
bits. What are the two combinations?

((J5-8. What two bits of information for taste does John
Smith have? '

In answering the last question, you can be sure that John
Smith has at least one bit for taste (7) because he is a taster.
But it is not so casy to decide what John’s second bit of
information is. For a clue, you should look back at the fea-
tures of his parents. | |
(15-9. You should have no trouble figuring out what two
letters to use for all the tasters in Figure 5-1 except for
Grandfather Smith. Suppose you found out that all of

" Grandfather Smith’s brothers and sisters had been tasters.
What two letters would you give Grandfather Smith?

Write in the proper letters for all the tasters in Figure 5-1

i your Record Book.

= "Have you ever looked closely at people’s ears? No! Well,
here’s your chance. Ears come with either attached lobes or
unattached lobes. Figure 5-2 shows the difference between
the two.

Although i’s not always casy to tell whether a person’s
ear lobes are attached or unattached (some people have one
of each), you can usually decide one way or the other.
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A few years ago, Dr. A. S Wiener of New York City
checked the members of a lerge fanuly to find ot if their
car lobes wert attached or unattached. Figure 5-3 shows what
he found. In the figurc, squares represent men and boys, and
circles represent women and girls. Blackened circles or
squares indicate unattached ear lobes. Those with no shading
represent people with attached lobes. Study the chart care-

- fully.

Figure §-3

Grandparents

Parent A

&&o é‘e‘o 4o

2 . - '

. &;h' .’..M.m

Child A g ) Child* B

Parent B

. = Female with unattached ear lobes . = Male with unattached ear fobes

. !
. o -
g ‘ O = Female with altached ear lobes = Male with attached ear lgbes- +;

[)5-10. Look at Child A, Explain why you think parent A
is a pure strain_for unatmchcd ear lobes or not.

(J5-11. What evidence do you find in Figure 5-3 that one ,
bit of information masks another? _ 8

-[J5-12. According to the two-bit modcl, what two bits does
parent B probably have? What two bits does child B have?

]5-13. Explai;your answer to question 5-12. '
, ' Another either-or human feature that is easy to study is how ' '

well people can roll their tongue. It's kind of fun to get data _
on this. To get the data, you will need to work with a partner. ' CHAPTER 5 63

76
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CTIVITY 5-2. Stick out your tongue and try to roll your

tongue as shown.

[15-14. Are you a tongue roller? Lo -
- 31;’
_ Collect data from your classmates. Ask them to roll their
! tongues for you. ' )

[J5-15. How many of your classmates can roll their tongues?

| (J5-18. tHow many of your classmates cannot roll their
: tongues? ’

» . . \ | :
' Figure 5-4 diagrams the way tongue rolling is inherited

in the Johnson family. Look it over carefully. Once again,

Squares stand for boys and men and circles stand for girls

. and women. Blackened tircles and squares represent peqple

who can roll their tongues. White circles and squares stand
for people who cannot, '

Figure 5-4 | ’
: ' Grandparents

— N
-

R b s
"

|
i . .
Parents
Stew Lois John - Eloise
‘(;\,:
28 Children y
64 Hannah  Marsha . Kit _ Sandy  Daniel = Nancy - Bill

ar
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The next few questions deal with the bits of information
of the people shown in Figure 5. In answering the question, e
let the letter T stand for the tongue-rolling bit and the letter
t for the non-tonguc-rolling bit. You can also assume that
T masks t. ‘

(15-17. What bits of information does Stew Johnson proba- |
bly have?

(J5-18. What bits does Mark Johnson probably have? .
[)5-19. Why did you answer question 5\-!8 as you did?

- ((1%-20. What bits of information does Sharon Johnson
probably have?
' ,L
Well, by now you’ should have come to the conclusion that
the two-bit model works quite well for human features as
well as for those in plants like beans and peas. The problem -
breaks that follow will give you the chance to find out if

it works for your features and your friends’ features, too.

PROBLEM BREAK 5-1 ' . -

Listed below are several common features of people. You
are to select one feature from the list for study. Your problem
will be to make a chart like the one shown in Figure §-3
for your own or a classmate’s family. The chart should show
how grandparents, parents, and chlldrcn looked in terms of
the feature you pick. "

Not everyone knows enough about his relatives to make
a chart like Figure 5-3. Your biggest problem may be to find
someone who does. As a hint, family photographs age often s

_ .. 8 good source for information of this kind. ' F

. When your chart is complcte you are to use the two- bit
model to explain what you find. The chart and your descrip-
_tion of how the two-bit model applies to it should be recorded SN .
in your Record Book. " , Aoof ‘ - ':\&\_

o

e ———— e e

\' 1. Hitchhiker’s thumb. If a person can bend the tip of his
»  thumb so that it forms a greater than 45° angle with
the rest of the thumb, classify it as a hitchhiker’s thumb.

o e am———

. 2. Dmrl)les A dlmple is a “dent” 1n erther the cheek or
'} ' the chin. N
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3. Widow’s peak. The hairline across the fore¢head may be -
. either straight or pointed downward in the center. This
point is called a “‘widow’s peak.” '

4. Gap between teeth. Some people have a gap between
. -their center upper teeth. Usually a small piece of their
gum sticks down between the tgeth. Other people’s teeth

are close enough to touch each other.

= N

PROBLEM BREAK 52 ~——_

~ . n -

B _ Now here’s your chance to make a chart for your own
oo family—using the tongue-rolling feature. Test as many mem- .
‘ bers of your family as you can for the tongue-rolling feature. :
. Record your findings in a table in your Record Book. If any - ,
of your brothers or sisters are married and have children, © !
_ 1  you can continue the family tree downward. If you can get
. - I ‘data on your grandparents, you can continue your tree up-
- ' ' ward. ' ' - '

Wl

. \ ‘Note I/ you do not live with your Jamily, get' data from a |

| L ‘ N\ - neighbor, fr:'erf(_!, or classmate. - ' -
When y_our have all the information .you can get, draw a

chart for-tongue rolling. Remember that your chart'should = |

: . : _ show the reldtionship between family members as well as

66  CHAPTER 5 - - whether they are rollers or nonrollers. e :
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When your chart is complete, sce if you got the same
pattetn as that shown in Figure 5-4. You may also want to
look at the family trees of your classmates to see if there
are patterns different from yours. Keep in mind that the bit S
- of information for longue rollers (T) 1s dominant and the
one for nonrollers (t) is recessive. ' .
By now you may be quite confident of your two-bit modcl
It seems o have worked quite well fgr the activities so far.
But up to now you have-looked only at the inheritance of
single features. In the next chapter, you'll have another
chance to practice using your modet. This time, though, you
will look at the inheritance of several features at the same
time. ' s

ROmlnder Don’t forget ro watch )our/uu{/l/es daily. Before
going on, check vour calendar 0 see where you are in your . X :
Sruit-fly experiments. ‘

Before going on, do Self-Evaluation 5 In your Record
Book. -
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Meet . he Ninsect

Well, the two-bit model skems to work with people ds well
as with beans, peas, and fruit flies. You can use it to predict
things like ear-lobe shape just as'well as to predict bean color
or roughness in peas.

But so fdr you've been %tudymg)usl one feature at a time.

Plants and animals pass on a Jot of features to their offspring,

Will the two-bit model work when you try to follow several
features at the Same time? That is what you'll lry to find
out next. :

Have you ever seen creatures like the ones shown in Figure

6-17 Probably not, because they are make-believe beasts. We
invented them to give you another animal that's fairly easy -

to study. They are called “ninsects.”” Your problem will be

“to make an imaginary mating of a pair of ninsects and to

try to predict what the offspring will look like; but first let’s
check the features that make up a ninsect.

¥

T Y
Ninsect A

Flguro 6-1

Take a close ook at the two ninsects in Figure 6-1. Try
to find eight differences in the features of the two. Ln your
Record Book; list the differences that you find.

e

Ninsett B

]

R
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A

1.

3 ¥
T.. M(ingf pajtam
’ (plain or. spdtted)
. . - - F

\4/ o R 1 _ 8. Wingsjze

v

St e

-A>tm(;.‘ ,",@\

(slralgm or cur!b) A

L fﬂ!} .

6. Antenna ’—_ )

. /’/ (large or small)
. ) .. 4 A .

s | . N
/ - ,. - R. Bedy color

»_ (striped or plain)

(.J6-1, According to the two-bit model, what causes the two
amsects shown 1o look so different?

In a moment you Wll be asked to make two ninsects and
to predict the fcatures of their offspring, The eight features
that ymn will sludy'are the ongs that-make the two ninsects

' in Figdre 6-1 look so different. To be sure that you caught
them/all, la{« a look at Figure 6-2. Y
» ¢ - ’
R £ - .
/

Ve A :1‘
7 E

. . o e ~ 3 oo
{. y N Uiss 'y P . .
A Da & . 4. Stinger
= " - e
Eye tolor, - /N . - ) (present or absent)
(black ot white) ) ; S Pt
’/' _:. » »

/ 8. Leg Oengtg

' / ‘ {fong or sho

i .

v ’ / 1

Fl;’dgo 6-2 |

3
¢

K

4

AN
r

.’

d ["_“_IG 3. Altogether how many bits does each parent pass to -

3 de); shape | ,
{chunky or slender) .- A

T . 3
. ol - 2
( s : - . b _ ) N s -
s, n:*' ' '

LY

Accordmg to the lwo bn‘modcl every mnsect has two brts

of 1n('ormat10n for each feature shown., = - -

4 : : A ’ _ .
(.)6-2. Altogether how many bits must each ninsect have for .
call elght fea[ures" PR . ]

e

v . ~ v “

L The model assumes that eag\\h nmsect gets one bll for cach
~0f the elght féatures from each parent. _ . -

t & . >
> . -

a

m offspnng? —_— - _ :

.
. o ’
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. Chetk 3/011r answers o questions 6-2 and 6-) by turning
your book upside down and reading the bottom of this page.
If your answers were not correct. you'd better review Clmp(c
4 before gomg, on.

¢ .
Okay, now you're ready to mate a pair of ninsccts. To do
this, you will need any two of the punched “parent” cargg
“~that are in a stack, o lhc supply arca, and a plastic ninsect
guide card. . .

Lay the two punched cards on the desk before you. Notice
thal eight groups of holes have been punched in cach card.
The. proups of holes in one of the cards represent a set of
cngt)({ bits of information from one ninsect parent. The groups
of holes in the second card stand for the eight bits from a
second parent. Your job will be to figure out what'kind of
ninsect offspring would result from this combination of six-
teen bits of information:: ) '

. ¥

SACTIVITY B-1. Slide the plastic guide card over one of your

punched.cards as shown. Nol/lce that each group ot holes
represents a bit for one feature. Notice aiso that some holes
fajl on the D'line and others on the d line. !

N

Bottom row .
. m— —— — . z . -
/ ( e [ T Joprow .

PLAYING THE GAME

™~
L I
L 10d i1
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1
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d
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Slide plastic guide
over card 1.

BOOY SHAPE
STINGER

Bo0Y CQLOR
O Presext o et

O 3tmrer d MAN
D cmmiky 4 susvoer E

EYE COLOR
O Mk ¢ weirE

1
2
3
4

v

. .

LEG LENGTH
Diowe 4 swomrT
ANTENNA

5

&)

3 SPED

WING SiZE

O ALRIN

7D STRAGHT 3 Ry
5 WING PATTERN
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Now use the plastic guide card to “read” the two punchcd
! cards (the bits from the two parents). Table 6-1 in your
' ~ Record Book gives you a place to describe the bits of infor-
‘ _ maton that are punched into each of the parent cards. Jeave
Table 6-1  the Appearance of Offspring column blank for now.
i Bits of Information
Patent (card) 21 Parent (card) #2
) ; o Appear- /\ppcur- /.\ppcunmcc (?f
_Dord ance Dord ance Ninsect Offspring
Eye color’ -
[black (D) or white (d)]
Body color
[striped (D) or plmn (d)) _ ; .
Body shape y ' ¥
[chunky (D) or slender (d))
Stinger ' v
[present (D) or absent (d)]
Leg length .
[long (D) or short (d)) : : S - ;
Antenna b o - _ )
[ [straight (D) or curly (d)) T ‘
Wing pattern ) B . - :
[plain (D) or spoucd (d)] ' o
Wing size ' ) ’
{large (D) or small (d)]
9
1 < . . o -
fax B i L oI - S LIGEVET VYRR DL | S
s What the offspring will look like depends upon the bits ;
of information it gets from ifs parents. As you complete the '
right-hand column in l'able 0-1, remember D features always
mask d features. 1f one parent’s bit'is D black and the other’s
is d white, the -offspring will show the dominant feature.
- []6-4. Which bit is dominant, D black or g white?
P
, ” ) . You havc no problem when. the b!tﬁrom both parcnts
) are the same If both parents pass on the bit D black, that
is what your 'ninsect inherits. If both pass op d white, your
: § ninsect inherits d white. Usmg what you-have learned about | ‘
o ' ( dominant. and recessive %emures complele the right- hand
72 . CHAPTER 6 "~ .column in Fablc 6-1. S :
8 N
Y ~
. '"V'.M: 'ﬁ‘\ifb‘x_‘;?“‘z—'} 7 ‘-."“'-"”E‘..";‘.p\’-lt"' S -‘& \\f"’ "P"'I' :‘éﬁ’?"*‘fﬁl ."l ‘-"ly.," il i 1?.‘!




P froy e RO I3 : A P T N S b T G
¢, ORI Sl L M Joi N 3 e SRR T X RN T b b

ACTIVITY 6-2.Using the information In the right-hand column
of Table 6-1, pick the body pleces you need from the box of
ninsect parts in the supply area. Then build your ninsect
%, offspring.
"_’h' -
V ; ™ /\ -
. oA b
% l { J ~ ' T
. ' ‘ . ) s ’
ACTIVITY 6-3. Attacha paper clip to each of the twb parent '
cards you Just used. Set these cards near the ninsect you just
> constructed.
N / - A U
| e T
v % /—\ \. /
\/ / ) R
M =
- -
ACTIVITY 6-4. Pick two more parent cards from the stack In i .
\_,\ the supply area.
, S (
i
’ |
= —— - v%
y -
' Chrd 4
~— CHAPTER 6 73
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These two new cards will give you the bits of information
for the parents of a second offspring. Read the information
for cach feature from both cards and record these data under
the Parent columus in Table 6-2. -
Table 6-2 Complete the right-hand column in Table 6-2.
. Bits of Information
Parent {card) ) Parent (card) #2
Appc:\r— Appcear- Appcnruncc of
Feature Dord ance Dord ance Ninsect Oﬂ'spring
Eye color
[black (D) or white (d)) .
Body color
[striped (D) or plain (d))
Body shape -
[chunky (D) or slender (d)) "
Stipger t
. [present (D) or absent (d)) ’ i .
Leg trngth
{long (D) or short (d))
Antenna i
Istraight (D) or curly (d)]
‘ ‘Wing pattern )
fplain (D) or spotted (d))
Wing size .
{large (D) or small (d)] , ) ,
. ; . ’.
ACTIVITY 6-5. Bulld your second ninsect by picking the right
body pieces trom the box in the supply area. Place this ninsect
oftspring next to your first offspring. o . . :
d
=
» PO
"™
o A .
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. . Cardt . Card 2 Card 3 Cord 4

' ACTIVITY 6-6. Put cards 3 and 4 below the new ninsect.
+ If your class' period ends before you finish this chapter,
put the ninseet .body pieces back in the box in the supply
area. But keep your four cards. Put the cards in-a safe place
until you can continue. Whtn you start again, you cap casily
rebuild your two ninsects, using the information (rom Tables
6-1 and 6-2.,

The two ninsects you just created will soon be the proud
parents of four “noffspring.” Your problem is to figure out
what these creatures will look like and to build a pictire
of each out of ninsect parts. . .
X The -holes in the two cards below each soon-to-be-parent
rn\,/'* o ninseot tell you what set of bits 1y got from each of its parents.
Eo Your two-bit modecl tells you that each new parent ninsect
-1 - will pass along one of these two sets of bits of information
' to each of its noffspring. But which set of bits will be passed
.. to which noffspring? . '

?

. ~[08-5. What will determine which’ set '(_cz}rd) of bits (hol'es)
2 will be passed by each parent:to the first noffspring?

AR ~~ Check'your answer to question -6-5 by turning your book
‘upside down and reading the bottom of this page.

"
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If you had_trouble, turn back for help o page 53. The
two-bit model 1s summarized there.
Earlicr, you learned that chance determines which bits of
\ - mformation arc passed from a parent to an offspring. This
\ means that erther sct (card) of bits (holes) from one parent
B might combine with erther sel (card) of bits (holes) from the
. other parent to form g noffspring. Let's consider what com-
binations of cards (and bits) arc possible. “Take a'look at
i Figure 6-3. o
(16-6. How mz*lxy/pbssilﬂc combinations of sets of bits are .
shown. in Figure 6-37 Lo o )
. i . Figure 6-3 o o
. _ One Ninsect Parent _ Other Ninsect Parent
/ - " » T
N : N T . / r ‘e h '
! . “\’ . L / i - . ~ - ',
' . L ] : : ;’ ) ..' N
¢ ' . : ¢ P ¢ .
i ‘ - . - ¥ .
. i '\: . s ' . :—J R .~ . e - J- o ¢ J ‘_‘ i} N ; T | - . | .
oS — TN *—"‘"“—“'\/*b—' T — — TNt T T ——— N . -
HCIC 3O H I 3C
' l . | . N .. " :-._.'g. - . ‘. X -‘ > lll : - 'i",. . HI l : v’.. '
. . One possible ™ 11 \{‘\noﬁv& possible I . “Another possible / I ' Another possible !
‘ ' _ noffspring A l k ‘.nolfspringB . * | noffspring C ,/l | noftspring D l
N & —— i ) A A N
o . R . b ST > S 3 . ' ' n P )
’ : : IR CACTIVITY 6-7. Use the notfspring combination labeled **A”
, o ' .. ‘InFigure 6-3 to pick outtwo cards. The sets ofibits on these .
S o o -+ Iwo cards will determine what noffspring” “A*" wiil look Hike.
. . . v e . . Tl ’ '
FRY " . o < ) - 13 - .. "‘ ) n ‘
. > M ) ‘o, \ B '
3 . t ,«:'
: _ , o
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Let's call the cards with the paper clips attached 1a and |
oy - . 1
the other 1b. The second set of cards we will call 2a and ;
2b. Figure 6-4 llustrates these combinations. !
) Figure 6-4 :
B
t
1a i 2a ;
g |
1b 2b E
!
' i
|
One Ninsect Parent Other Ninsect Parent . !
i : : 7 ;
* 3 . ]
e : Let’s consider what combinations of cards (and bits) are
possible.- Take a look at Figure 6-5.
. T
, 1a can combine with 2a or 2b.
- Nt
- , : ) Figure 6-5
| ( ] ( ] | f/
1a 1a T d ‘
!
' { ¢ One possible noftspring — A Another possible noffspring — B
! to. :
i . |
‘ { . 1b can also combine with 2a or 2b.
D \
i . . . ' .
. | l. ! ‘1 ‘:\ . . _ ' . & W
* T [23‘\_\\ ] B 2b
° v - .\ ‘l ) ) ’ : - )
o ) '} Another possible no"s"pring - C Another possible noffspring — D ~
° N k LY )
L l . \k . T . !
Lo Take the card that you are C'\llmg 1a and combme it with ‘
noo card 2a, |, s --3 S | , . ol
"‘\ o Record the lnfornmuon for each feature from both cards. N T Y
\ . . ooinsthe middle columm of Table 6-3"in your Record %ook ,
A s
N Thcn decide whidt noffsprmg A looks {ike and record this . )
“ 7 .vin the right- hzmd colllmn N N _ - CHAPTER 6 = 77 .
oy g . C e : .
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Feature

Bits of Informanon

Pavent (card)y 21 Parent (card) #2

- /\ppcnr—

Appcar-
Dord ance

Dod ance

Appearance of
Ninsect Ol]'spring

'Lye color

[black (D) or white (d))
Body color

[xtriped (D) or plam (d))
Body shape*

[chunky (D) or slender (N
Stnger .

[present (D) or absent (d)]
Leg length

{long (D) or short {d)]
Antenna

[straight (D) or curly (d))
Wing pattern

[plain (D) oc spotted (d))
Wing size

[targe (D) or small (d))

Tabté 6-3

Table 6-4

Consult Figure 6-5 and combing the cards for noffsprings

B G and DY Record these data in Tables 6-4, 6-5,
and 6-6 in your Record Book and complete the right-hand

column of each table.

Fegture

Bits of Information

Pnr‘cm_(.curd.). #1 Parent (card) #2

Dord, ance

‘Appear- Appear-

Dord ance

Appearance of
Ninsect Oﬂ‘spring

Eye color
[black (D) or white (d
Body color S
[striped (D) or plain (d)]
Body shape
[chunky (D) or stender (d))
Sunger ) )
[present (D) or absent (d))
Leg length - '
[long (D) or short (d)

_ Antcana
[straight (D) or curly (9
Wing pattern
‘[plain (D) or spotted (d))

- Wing-size

[large (D) or small (d))
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Table 6-5 i B
Bits of Tnformation
= Parent (card) ¢ 1 Parent (card) =2
Appear- Appear- Appearance of
Fenture Dord ance Dord ance Ninscet Oflspring
Eye color
{black (D) or white (d)]
Body color v
(striped (D) or plain (d))]
Body shape
{chunky (D) or slender (d)]
Stnger
B .
[present (D) or absent (d) ] -
Leg length
[long (D) or shrt (d)}
Antenna v
[straight (D) or curly (d)] :
Wing pattern
[plain (D) or spotted (d}] .
Wing size ‘ /
[large (D) or small (d))
Table 6-6 . '
it
Bits of Information !
Parent (card) x| Parent (card) #2 : ' L .
' Appear- -7 Apprar- Appcarancé of !
Feature Dord .ance Dord | ance Ninsect Offspring
Eye color - T >
{black (D) or white (d)]
Body cotlor .
[striped (D) or plain (d N . '
Body shapc
[chunky (D) or slender (d)] \ .
Stinger . ' )
{present (D) or absent (d)[ . Y
Leg length ) . .

_ [long (D) or short, (d)] i
Antenna i : . i -

[slr’nght (D) or (.Ul'l) (d)] ’ ‘

_ ng pattern ' v . , .
{plain (D) or \pollud (d)] : - '-.__. ‘ '
Wing size : ol . oo 1
{large (D) or snmll (d)] I : . . 9 s
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ACTIVITY 6-8. Construct your four noffspring by selecting the
right body pieces from the box in the supply area. Place the
notfspring below their parents for comparison.

(16-7. In what ways do the features of the noffspring differ
from the features of their parents? ?

[16-8. How do the noffspring differ frpm each other? Answer
this by comparing the features of all four noffspring,

Y

PROBLEM BREAK 6.1

Y

When you get older, yow’ll sometimes wish that you could
live your whole life. over again. Youw’ll think that you could
do a betier job of it the second time because you know so
much more. This i§ your chance to ljve a part of it over again
right now. See if you can get more out of it the second®ime
around. _ ~ ‘ - '

Play the ninsect game one more time. Begin at the point
where you randomly selected your first two punched cards

(pdge 71). Repeat that page and continue again to the page

you are now on. Complete new inheritance tables 1o find
out what another set of ninsect noffspring look like. * i

It'should be clear by now how the two-bit model can help
you predjct the inheritance of features generation after gen-
eration. If the process of doing this doesn’t become ‘almost

second nature, repeat the same steps again.

<
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PROBLEM BREAK 6-2

Here's a good chance to test your understanding of the
two-bit model and of inheritance in ninsects. You'll try to
predict the features of parent mnsects by observing the (ea-

tures of their noflspring. For this acuvity, you'll need to find -

a classmate who 15 at the same place you arc,

- ACTIVITY 6-9. Ask your partner to cover up his parent

nlnsects Study his nottspring and try to predict the feature

of, thelir parents. He should do the same with y ur ninsects."

NINSECT PARENTS
? X ?
W % N \\ .

?
e NOFFSPRING

Draw a table in the space provided in your Record
Book. Record your predictions there. When you and Your
partner are finished, you shduld check your predictions by
uncovering the parents. Discuss with him any differences

" between the actual and the predicted features.

o~

Hint: Ifyou haue trouble gerting smrred take a look at one
feature at a time.

Your two-bit model for inheritance is very much like the
model npw used by, scientists. The story of how the twg-bit
model was’built in the first place reads like a detective story.
Excursion 6-1, “A Bit More About Bits,” tells this story.
Take a look if you are interested. ) :

.- Before going on, do Self-Evaluation 6 in your. Record

Book. -

*
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Problems, Prioblems;, | 'Chabte,:rj’?"‘ .
Problems | I

4

In this chapter, you will have the chance to test your model-

-] building ability. If you tdok cither the seventh- or eighth-
| ' grade-ISCS course. you know that models must often be
3 . changed (o&xplam hew ohservations. The two-bit model that

has worked so-well up to now will gimply not explain the
observations you'll make next. Your problem will be to adjust
the model so that it wﬂlx "

w'.

—— e o

Before you make your observations, tet’s review what th

two-bit model says.- You will recall that it has four parts:
v N

' _ t. Each individual bas two bits of information for each
feature. What the mdmdu 1l looks hike depends upon
what those bits are kN :

2. During reploduulon each parent passes on (o its oﬂ—

- - ' spring one. bit of information for ¢ach feature. Thists

«* " how the offspring gets its two bits. .

" '3. Each of a parent’s two bits for’cach feature has an equal o
. chance of being passed from parent to offspring. .~ « - ’

X D - " 4. If an .individual recuvcs two different bits ol informa- B _ ' RV .

tion for a feature, one bit may mask the other. " . & . /'

2-8IT
MODEL

. Okay, hCFL s your first problem. Good luck! Ao o
: . Two pure-strain morning glory plants, one with red flowers

and one with white ﬂowerx pl()dllCC four 0ﬂ5pr|ng, all with -,
pmk ﬁowers | o L. o " ‘ 83

. N v . : . . R . -
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Pink

Figure 7-1

FEXCURSION 3

84 - .CHAPTER 6

. Two of the .offspring thcn produce four more oﬂ'spnng
(See Figure 7-1) .

Dor’t say you weren’t warned! Ybu’rc\probably shaking
your head by now and saying, “Where did those pink flowers
come from?”. The. two-bit mode] ccrtamly docsnt predict
them. \ N

Actual]y, with a very shght change, your- modcl can explain
the morning glory case. Read through the four polnts of the
model very carefully until you figure out how you want to
change it. Remember, however, to keep the change as small
as possible, so that after it’s made, the model will still explain
the other situations you’ve studied. :

[J7-1. Describe a change you can make in statement 4 on
page 83 that will allow the two-bit modcl to explain both
the bean data on page 59 and the mommg glory data.

Wcll did yc)u ﬁgurc out the morning glory problcm? It’s

" actually quite a simple one. If you would like to find out

whether your solution to the problem agrees with ours, turn
to Excursion 7-1, “Red, White, and Pink.” That excursion
will also hclp if yowve hit a stone wall with the problcm
but don’t give up until you've really tried. '

Ready for another problem? Here goes! :

Some people are born with a problem. Their hair is ‘bound
to fall out at some point in fife’ Expenmcnts have shown
~ that this tendency toward baldness is passed along from

parcms to ofTspnng Figure 7-2 shows lhc h!story of a famlly
>,
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2 R AR i A AR A RASEL
¢ . . ' [ . - - .

P




E.
P

in regard to baldness. On the diagram, circles stand for
women and squares stand for men. Black circles and squares
stand for bald pcople and white ones stand for nonbald
people. "
Look over Figure 7-2 carefully. Try to use thc two-bit
model to explain what you see there.
Because the baldness problcm is a pretty tough one, you
N ' deserve a_hint on how to solve it. Here’s your hint:
\ In balduess, the bit of information that does the masking
~ and the bit that is masked sometimes switch places. But by
i ' a certain rule about when the switch takes place, you can
make good p_rcdictions.

% e - s coa—— e -

T . Figure 7-2 _ .TO ~
' :

. : Y - _ .
%
' .o o oom

[:]7-2. Explam -how you could change the two-bit mode!
" described on page 83 to make it better able to explain Figure

~a solution, talk it over with a classmate. When you are pretty
“sure that your solution works or you can’t get any farther,
turn to Excursion 7:2, “Hair Heirs.” That excursion will
tell you whcther you have a good answer or will help you
find out where you went wrong.

Palm readers, crystal-ball gazers, and other’ fortune tellers
are: often -askéd to predict whether a-woman will give birth

S ¥

r

. Y fy i R2a.cf 1Y =) Y
WOR R

! ) 7-2i
; N For the fnoment, we’re not going to give you any more
: help with the baldncss problem. When you think you have
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to a boy or nif?l They would have a better chance of being
right if they knew something about the sex of other members
o both familics. Sex is an inherited feature, tQo, as you can
find out by rcading Excursion 7-3, “Boy or Girl.”

We could happily do without some of the features we
imhertt. Agd none of us, be we kings or commoners, want
to take the blame for passing on such handicaps as color
blindness or bleeder’s discase. To see how these are inherited,
do Excursion 7-4, “A Royal Problem.” :

Da you suppose every differénce hetween the appearance
of some plants and animals and the appearance of others
of their own kind can be blamed on(‘mhcr‘it'\ncg:’? Suppose
two plants from the same parent plant, for example, had -
different- cologcd leaves. What besides inheritance might ex-
plain this différence? Take a look_at Excursion 7-5, “I Won-
dcr{\\’hdrc the Cokor Went.”

What you look like usually depends on what your parents
look like. Features can be passed.on {rom generation' o
generation. But does this always happen? Let’s find out. Turn
to Excursion 7-6, “One, - Two, Pick'up Sucks.” ' \

Are you as you are because of inheritance, or environment?
See Excurslon 7-7, “Do Blondes Have More Fun?" for scjme
ch\'lllcq ‘with this idea.

Wcll that’s it. We hope that you can now give at least
a part of an answcr to the question “Why ark you you?”
" The two-bit model'can answer many questions about inherit-
‘ance, but as always, there are many more qucshons you
haven’t even asked: Where "o features come from in the first ~

I

J

place? How does the offspring change bits of information |

from his.parents into” features? How do such hazards as
atomic radiation, drygs, and pollution affect bits,of informa- .,
tion? Can a person’s bits of information be changcd and
if so, how should they be changéd? o

We opened with a question. Wé are closing with many

¥

qucsuons That’s science. N
Before going on do Seli-Evaluation 7 in your Record
Book e '

{
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Excursions
s _ '
' ¢
< ) . .
. - S Do you like to take trips, to try soniething different, to see
’ new things? Excursions can give you the chance. In many
: il . S - ways they resemie chapters. But chapters carry the main
_ - S S sstory line. Excursions are side trips. They may help you to
T e ' »  go f{urther, they may help you £o nto different r-natcri/,al, or
o . ' ) they mayijust beof interest to you. And some excursions are
; o . provided to help you understand difficult ideas. ,

; k I ' .. Whatever way you get there, after you finish an excursicn, - -
IV , you should return (o your place in the text material and con-
SRR - tinue with your work. These short trips can be inferesting
R o ' - and different. o
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More on Offspring

- .

A

Male plants and animals, including the fruit flics that you
will use in this unit, make sperm in their bodics. Female
plants and animals produce eggs. A new plant or animal
starts developing when a sperm from a male plant or animal
combines with an egg from a female plam or animal of the
same” type. The process of combmmg is called fertilization.
But since the sperm and the eggs are often in separate bodies.”
(a boy and a girl, for example), how do the sperm and eggs
get together? Plants and animals have found similar ways
to make this happen. S

In flowering plants, the sperm are wrapped in a shell. The
shell with the sperm’ inside is called a pollen grain. Animals
don’t wrap the sperm in a shell. Instead, sperm swim freely
in a fluid. . ‘

In plants, pollen g(ains containing sperm reach the female
parts of the flower’in many ways. Sometimes the grains are
carried by the wind or by insects. Sometimes.the grains just
fall from the male part of a flower onto the female part of

the flower. But because plants depend upon such thmgs as

the winds and insects to spread pollen, fertilization in plants
often seems very unlikely. The same thing s true for some

ammals For example, many male fish just put their sperm

into the water. Then fertilization” will occur only if these

'spcrm find the eggs that a female fish has dropped elsewhere

into the watdr.

‘Many plants-ang animals have developed ways to increase
the chanice that their eggs will be fertilized. Most hvmg\lhmgs_
produce mllhons more sperm than eggs. Since it takes only
one sperm to fertilizeé an egg, this means that fertlllzauon

happens quite often. Also, someé plants produce odors or -

bnght colors that attract msccts These insects pick hp pollen

. from one-flower and carry it to the fiext one they Wsit. Pollen

grams “from the first flower fall from lhe msec onto the

Ly
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female part of the second flower. Many male animals put

A : their sperm close to the egg by putting the sperm into the
T _ v b()d)S of the female. The process of depositing sperm is callcd
maling .-

3

, L I PROBLEM BREAK: FROG SPERM

~ Check Wwith your teacher.to find out if male frogs and a

- microscope-_are available?) 1f so, he will preparc-a sperm -
solution for, you. Place a “drop of the .Sperm. solution._on. a .
microscope slide “and cover with a cover slip (have your"
teacher show you the proper use of a microscope first). Then
place the slide undcr the nncroscopc and sludy it under high
power, ~
~[OJ1. What enables the frog sperm to move? -

Pollen tube ’ . -

ln this unit, the term cross will be uscd many times. For

* Pollen grain
P

VA
%

of fruit flies. This means$ tha,/you are to let certain male

" flies mate with certain female flies. During this mating, the

spetm from one kind of male fly ‘will unite with eggs from
/;nothcr kind of female fly. : )

e What happens after the sperm is pm near the egg? ln
_ plants, a short time after the pollen grain lands on a female
part of the plant (this is called the pistil), a tube grows from
“the pollen grain down into the thick base of the plant. This

. 15" called the ovary and contains the eggs. After growth the |
pollen tube reaches and touches the eggs in the ovary, and
fertilization takes place (see Figure 1). Then the fcruhzcd
egg begins to grow into a new plant.

When _animals mate, the male puts “his sperm intq a tube
“inside the female. Thns tube leads to the eggs. Figure 2
diagrams how this happcm in the fruit ﬂy that you will be
working with: ' :

Once the sperm is inside the female fruit ﬂy, it moves up
the tube until it locates an egg. Then fertilization accurs.

e e

the female, only one sperm cell can fertilize each egg. After
the fertilized eggs have developed for a short time, the female
fly lays them. The egg then hatches, and the new fly goes
through several stages before it becomes an adult. In some
animals the female keéps the fertilized egg in her body to
dcvclop Shc then glvcs birth to a fully dcvclOpcd baby
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instange, you will soon be asked to cross two different kinds -

+ Although the male may put thousands of sperm cclls into -
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You are dbing this excursion because you need ‘to know how
to write an operatiom\l definition of pure strain.

Operation is the key word to understand. It means action .-
or activity. An operational definition tells what operations, or
actions, you do to identify or measure the thing being de-
scribed. In other words, it describes ‘what you -must do to.
teltif y ave the thing being described or to tell héw much
of j&fou have. If; after reading a definition of something,

) ou know what 10 do to identify the thing bemg defined or
< how to measure. i, then that definition is an operauonal one.

o . OPERATIONAL
- - DEFINITIONS -

For cxample: “To measure body temperature, you should: S .

1. put a clinical thermometer ‘under your tongue
2. leave the thermome(er tn place for at least two mmutes L

and
_ 3 ,rccord the level of the mercury column in degrees
1 As soon as you have read the- deﬁnmon above, you know | - s o
SRR cxactly how to measure body temperature, Thus, the defini-. +
tion is an operational definition. : » ’ -
How -about this one? . , . :
UM tree is a farge woody plant undcr Wthh a person can ’
find &’ ﬂhady place to rest.’ : : o,
oo~ - . This definition of a tree is nof an operatldnal deﬁnmon i C Ly ,
‘s . It does not list the things you must do in order to 1denn(y ' - \

“a tree. And it cer(mnly doesn’ t (ell you how to measure one. . 9

“




/ [J1. Here is a list of definitions, Write in yaur Record Book _
“‘ thc letters of those that you thmk are operational definitions.

: a. A hammer is something \xsgd to drive a nail.

b. To find the /e"t, th of something, you place aruler next
to it with the nthnber zero opposite one end and read
the number thnt the other cnd“bf the ruler lines up

~ with. ¢ 'S
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EXCURSION | 1-2

s

changcd durmg an cxpcnmcnl

d. To find out how much time passes, you look at the |
hands of a clock twice and determine how far the hands
have moved.

«@. Handedness is determined by finding out which hand can
cross out the shost zeros in thirty seconds.

f. Work is the product of the force in newtons exerted
on an object and the distance in centimeters through

\\;hlch the force acts.

. Ydu did well if you wrote icttcrs b, d, e, and f. If you
not list these, you had better go back and reread this
exoursion.
D2 Explam why & and ¢ above are not opcratnonal defim-
tions. :

! [03. Give an opcratio;lal definition for-_t'hc. following 'words,

a. weight S - o
b. force

C. pure strain
. o
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Temperature -

other animal.
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and Life Cycle

v ‘ . "
Since 1909, the common fruit fly has been widely -used to
study the way features are passed from parents to offspring.

Scientists have learned more about the taws of heredity from-

working with this tiny insect than from working with any

»

The frult ﬂy is 1dcal for studymg heredlty bccause

1Tt takes lO to 20 days tg grow from an egg to an adult
. fly. . .

2. lIts small size makes it easy to keep alive, to handle
and .to store.

Fruit flies have features that are easy to observe

4. One pair of parent ﬂlCS can produce hundreds ‘of off-

spring.
‘There are dlsadvantages to the use of fruit flies, t0o. One

is that changes in temperdttlre affect how’ long it takes a fruit
ﬂy to grow from an egg to an adult e

\
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Here 1s an experiment that was dene by one student. Joyce
' obtained 80 offspring.from the same set of parents. She then ,
‘ placed 10 of the flies in each of eight vials of food. The vials S
; were kcpl at cnghl different temperatures. Here are her data. .
(1. Discuss the results of the experiment and write your -
concl\mons i your Record Book

- Table 1
‘F't- s -r PR 7 ; -~ ~ . - . - : ) o
R - Lcnglh of Life-Cycle Stages (in Days) -
) Vial Fahrenheit Temp. Larva Pupa Adult N e
. i o 50 I A s+
* 2 . o600 sen ] e
' P03 ©65° ' 8-18 18-35 3540 . ’
Ve 4 70° 7-16 l6-21 | 21-26-,
. . 5 75° S 6-15 -1 1520 20-26 )
; 6 80° | a8 8-14 14-20
} 7 85° 3-7 7-13 13-17
. g beS .90° - v L X LI JE N
P ' : ' ! : i
1‘_ "**Flies did not survive : : o
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A Pyramid
of Grandparents
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By this' time you should realize that the two-bit medel is a
very good one. With it, you were able to explain the way,
many (eatures are passed from parents to offspring. All you

‘had to do was assume that each parent passes one bit ofg

information for each of his featurgs to his offspring. But from
where did the parent get his bits? That’s what this excursion
is all about. \ . :

Take a look at Figure 1. Yhe figure traces one of your

U S

Excursnon

-t

£h

fruit flies back five generations. ' c o Figure 1
' : Number
eration Mother's side L 'Father's side ' gt';'\‘ g:ﬁ‘o n
6 | ! 2
.-—-—J
Parents 5

8

Grandparents 4

Qreat-
grandparents

Groat-{;reqt-
Jrandparents

‘Great- ——1
great-great-
grandparents
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[)1. How many grcat‘grcat great- brandpnrcnts (ﬂrs( genera-
tion) did your fruit fly havcl

["_’]2 Altogether, how many ancestors did your fly have over
all the gcncrauons shown?

[J3. Suppose-an carlier generation were drgwn on F)gure |

How many great-great-great- grem grandparents would be | o
shown? -

*

. ®
’

: o o Well, clcarly your mmgma‘ry fruit fly had a lot. ofanccstors e
LY _ ~ With this in mind, let’s return to the question with which
i . this excursion started—where do 'bits of information come
TR - : _ from? Try to analyze where each individual in the pyramid
- of Figure 1 got lus bits of ¥ rmauon ' '

b . 0a. Takmg one traxt such as gye color, did every ancestor

Ea o ' in Figure 1 coptribufe bits ofAnformation to the eye color of
- . _your fly?

-

.

L. - Os If your answer to question 4 is No, what dctcrmmcd
A which of the ancestors did contribute?

o\

P

,/\\ : The pyramid idea can bc applied to most plants and ani-
mals, including humans. In fact, you can use it to make some

' ‘interesting calculations about your own ancestors. Before you

try, however, you should know that, on the average, chil-

dren’s birth dates are twenty- ﬂvc years aftcr the birth dates

PP o of their parents: . . ‘ _ —

E]O Usmg the twenty- ﬁvc-ycar figure and your own 1 birth

s - o - R date,"about when were your grcat grandparcnts born?
. . /‘;( L . ) )
: e , ‘ ~[7. Using the twenty-five-year ﬁgurc how many of your
Lo . . great-great-great-grandparents ‘were alive . wl‘ncn George
' ' e - - Washington was President (1789—1797)? AN

\\ ) .
} 8. What determined whether or not you received one or
IR o - more’ bits of mformanon from one of your great-great- .
! Lo grandparents? ST -

- ' - \ SR The pyramxd |dea looks rather sxmplc so far. But suppose o I R
AR .~ one of your great-great-great-grandparents had a sister who 7 o
... . .98 EXCURSION 1-4 . in ‘turn_ produced offspring dnd bccame the  great- -~

—

.
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- great-grent-grandparent  of someonc living today. That
great-great-great- gmndparcnt would become partof another,
separate pyramid. Even so, that other pyramid would be |
related to yours. In fact, that boy or ‘girl could be in youry
classroom today. Could this be what is meant” by the/
- “brotherhood of man”?. N : .

3

S
e e

N

N -
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\ Let's look at the problem.“Where do bits of information THE

| come from?” in another way. This time we'll try 10 find ~ “UPSIDE-DOWN
out what has been happemng to the world’s population over PYRAMID”

a period of time. Flgulc 2 gives the data you need. :

(19. Is the world’s population gomg up, or down through
the years?

. [0d10. What is happening overa period of time to the rare
at which the population is changing? = .

Figure 2 points up something rather interesting. If you.had G '
continued the chart downward, it would have come to a - - ~
' point. According to this reasoning, everyone has the same : T
ancestors. oo L.

' ' ~ Figure 2 ° '
- : St LR - ¢ S x-~>'-‘«un-'w-«~":~sf"°“%;.

Your World population (in mittlons) * _ ’1

1970 ‘ ‘ 3,500

—
.

@
—

- 1900 N XA 1,600

1800 o - 1,000 - .

. 1700 , ~-600 | ’_

1600 - 400 S

o ' 1800 | P ol aso | . J /

g

(J11. Assuming that everyone on the/earth has the same’ _ .
. ancestors, what is your e'(pldnduon for why everyone has - . . . ¥
S : . cnded up with dlﬂeren( blts of mtornmhon" L -~ EXCURSION t1-4 97
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You might be interested to know that the world's popula-
tion went from about 86 million in 6000 v.c. to about 350
million in A.D. 1500. This was ‘an mcrcasqywof roughly 264
million in 7,500 years, Experts now believe the world’s popu-
lation will ‘double between now and the yecar 2000.. This
would be a rise of 3,200 millien in only 35 years. Tlus 13
what the “popmlation cxplos:oh is all about, Many people
are worried about how 'we will feed and clothe so many

oo
eople. . T S
L]
(J12. What is your guess as to why the population is increas-
ing so much faster now than it was earlier?

If you'd like to know more about this and related topics,
read Early Man, by F. Clark Howell, in the Life Nature
Library (New York: Time-Life Books, 1965)

«Now let’s compare the two ideas youve be¢n thinking
-about. Take another look at Figures 1 and 2. Figure 1 shows
that the number of ancestors from which you might have

’golten bits of information gclvhrger and larger as you go

back in timé. Figure 2, on the other hand, Show,,s that the

world’s population gets smaller and smaller as you go back
in time and cuggests that'we all came from (he same ancestor.

PROBLEM BREAK 1 =

as
~

How can these two models be fitted together? How can
the number of everybody’s ancestors get larger as you go
back in time, while the population gets smaller? That’s your
problem now. Think this problem th(ough carefully (it’s not
easy); then in your Record Book, describe how you think -
the models fit together. Feel free to di‘scuss the problem with
your classmates, your parents, or anyonc elqe’Good luck!
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. Y
A ratio 1s simply a way of‘tompaung two numbers. For
cmmple a ratio may tell you how often ope thing happens
as compared with another. llere how you set up and “use,
ratios.

.:p"'“-

N 45

Example | Suppose you look at 50 cars in a parkmg lot,
and you notice that 5° cars are red and 45 cars-are not red.
What is the ratio of red cars to nonred cars in” that parking
¥

yeoom v - . B . - , . N , ‘J

Arrange your tata:

/

- R Nonred Red &

. Number of Cars 45

o

-

To arrive at the Mmplesr ratio, divide both numbers by the
smaller of the rwo numbers ln lhlS case, the smaller numbcr

is 5. )

9 .
syas  5)s

Ratio = 9 nonred cars to 1 red car_
. ~. - . Bl

Dividing:

e g -~
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The ratio tells you lhm there wére nine times as. many !
/?"'nonrcd cars as thlC were red cars. By itself, the ratio does -,
. / nor tel) you how many cars you looked at in the first place, ’l)
1 . (You looked at 50 cars—not 10.)
! ) Example 2. Suppose 28 men, 13 women, and 10 children
. are waiting in line to getinto a bal gnmc What is the ratio
of men to women to children? :

Arrange your data;

: X
eeee e ven [ Women | Chitdren _
L Co . ~ Number Waiting 28 13 10 | A N
’b e L o \ ¥
“1 Divide all numbers by the smallest number, that is, 10. ’
L | _
28 . 13 - 1
Dividing: ' 10)28.0 10)13.0 . - 10)10 ’
» Y
oot : ' 20 10 ;
. : 80 30 o
o ' Ratio = 2.8 men (o 1.3 women to 1 child _ : : ‘ y
__ Usuilly, but not always a ratio mcludcs whole numbers.
< o One way to s:mpllfy a ratio is to round it. For instance, the _ :
: "~ pumber 2.8 in the last example is nearer to 3 than to 2. You : -

could rourid 2.8 to the number 3. Since the number 1.3 is
nearer to | {han 10 2, it can be rounded to 1. The general , c
. rule in roundmg is-to use the higher whole number if the” . = * -
fraction is 0.5 or higher and to use the lower whole number B
if the fraction is 0.4 or lowcr

e

-

™ In whole numbcrs the ratio shown in the. last cxamplc

L 28mcntol3womcntolch|ld .

. could’be rounded to . - ) . .
3 men to 1 woman to 1 Chlld |

"'—-——-.-*_.1...__.
[

It'is |mportant to write a roundcd ratio in thc same order’
in. which whatever it represents’ is stated. Otherwise, the
, _ meaning of the ratio will be changed. Nouce for example,

l ' o . ~ -+ what would have happcncd if you had written the rounded
" ' o ' Co ratio as |1 to.3 to 1 instead of 310 1 to L You mlghl have .

S _ - become confused and assumed that there were more women
* 100 EXCURSION 2-1 - than men.
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Now here’s a problem for you to solve.

s

What is the ratio of brown disks to colorless disks?

9

p

Check your answer to question | against the one given

at the end B( this excursion. If your answer was right, go

t- on'to questions 2, 3, and 4. If you were wrong, %o back
through the first two examples again before continuing:

A

| THINK |
JUST Ci

"

‘0Oa. Subposc there are 600 boys.and 400 girls-ihfﬁbhool.
What is the rounded ratio of boys to girls? S

O3 Waiting in line to buy theater tickets are 58 children
and 11 adults: What is the rounded ratio of children to.
‘adults? ,
~O4.-A small package contains 12 red;‘ 8 yello:)\ .5 orange,
and 3 green candies.“What is the rounded ratio of red to
yellow to orange to green candies? -

ek e B .
[T R A WAL e u’a..m- B R W
B LA T R SRR X
eSS AR L

R Y Moot ] L2 H
k '

(1. Suppose you had 20 brown disks and 10 colorless disks.

-

EXCURSION 2-1 101




Once ngnin check your answers with those at the end of
this excursion. If you got any of the problems wWrong, review
“your work or the first part of this excursion.

When you are sure you know how to ﬂmphf‘y a ratio, you
are ready to go back to Chapter.2 and work out the ratios
there. Remember: any ratio must be written in the same order
that rthe groups are listed. Also, keep in phind that a ratio®
does not tell you the actual number of timés things occur.
Itis simply a way of comparing numbers.

- — - —— . — e e g e e

| Amw'cn

1. 2 brown to | colorless

2, Either 1.5 boys to 1 girlor3 boys to-2 girls
3. 5 children to 1 adult

4. 4 red 10 3 yellow to 2 oriiff/gc to 1 green

1

~ 3

.

102 . .EXCURSION 2-1
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" some other ratio?

S

Don’t Flip over This

é _ . . - 1.? .o

Excursion 4-1

In your cxperiment, you've been runnmg into a 3-to-1 ratio
over and over. In heans, for example, you found that brown
seeds showed up in the second crop three times as often as
white beans. But why does the 3-to-1 ratio appear mslcnd of
Even though the 3-to-1 ratio continues 1o appear, would b
you believe that it happens by chance? Let’s take a look and
$ec what'we mean by chance or probablllty——thc hkchhood
that an event might occur, - .
Chance is commonly written as a fmctlon between 0 and
1. For instance, if something can happen two ways, like the \\\
flipping of a coin, the chance is 4 for heads and 4 for tails.
You.can state the probablhty in a number of ways.
What is the chance of ﬁlppmg heads on a coin?

£
A

lt02 All these responses are correct ”
50-50 It these' responses are co s
50% _ : /

/. |

Jf somcthmg can never happcn llkc rolling a seven on
a dic (that’s one of a pair ‘of dice), the chance 18 Q. If it aXWays
. happens, like ﬂnppmg hcads ‘on a_two- héadcd coin, thc '
chancc s}
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. Instead of using only onc coin, suppose you were 1o toss
: (wo coins at the same time. Let's say you have a nickel and
a dime. Both coins might come up heads, both might be tails,

~or one might -be heads while the other is tails (Flgurc 1.

i - . Figdm 1 ¢

| . . L ) NG .
! Heads-heads _ Heads—ta"s L Talls-tails

3

Toss 2 coins at least 60 im® and fecord the combinations

P ' - that appear in Table 1 in _your\Rccord Book. ) . p
] o :
3 ) " . ‘ \
Tabio 1 : - '
[ - .o ;; . ... . RGP LIS .._.. P ety Y Yy

- :. «'._._-,2

3 Possible o - N

X Combinations -
o _ . ) ' - : — Results from .

e : ) . - Nickel Dime . 60 Tossés -

. - ! '

vl ° o .

|_:-.. ' “* Heads Heads . :

Heads Tails

— . .’3 .
Tails Heads. . . ¢
3

. - : - .
P * - - Y N -
Tails Tails ' 8T -
¢ h : >
b 0

<

H . s ) s

o . . . f;.,':f,., I T Y S O B B A I R S Y L R Tt

oo - Look back at Figure 1. You will note that there are four

P ' * combinations possible when you flip two coins at the same -

. time. Thus, your chance of commg up, with thc four combl-
'.nahons are thcsc o

Hcads-hc'ads . - —} or l to 4 AP
. S ~ Heads-tails - —} orttod - . :
e S * " Tails-heads . . —4 orltod - . .
© ... 104 EXCURSION 4-1 & Tails-tails . "~ - —J,orltod - I
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0. "How did your data from the flipping of the two cotns ’
come out? Out of 60 tosses, did you get about 15 for each
-of the four combinations (§3 = 1)?

Pcrhap'; you are wondcrmg why the Pullcrn of § nppcars
for each of the four combinations. Remember that for tosses
of- cowns the probabnhty of heads turning up is 4. The proba-
bility of tails turning up is, naturally, also §.

What are the chances when two coins are tossed at the
same time? Flgurc 2 1lluslr'\lcs the answer. Remember, we
aren’t interested in what two coins are used. We just want
to know whether they comé up heads or tails.

H . <

Figure 2

- H B

(v2) Heads (V2) Tails

(Vz2) Heads ' (Va) HH - (Vf)HT

(%) Tails wHT | )T
< ' 7

You can apply what you have just done with coins to the BACK TO

bean sceds. In your bean experiment, you began with a THE BEANS

pure-strain brown- bcan parent and a pure-strain white-bean ' - _

parent. Using a chart, you can cross the bean parents and S

find the probablhty of the. first-generation othprmg Com-

plete Figure 3 in your Record-Book. . . _ . B o

Figure 3 . 5 " Pure-strain S Yoo
white-bean L -

b N\J P )b -

Pure-strain (v2) B “
brown-bean :
" parent

.- mel. S B o :
S I N . -1 EXCURSION 41 105
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_ EXCURSION _4-1\ -

‘ (2. \x’hm were the ratios of your first-generation offspring?
Using the chart in Figure 4 in your Record Book, cross two
of the first-generation offspring. :

,> ' ’ s
Figure 4 ; /
. . First-generation offspring

¢ + ]
7t First-generation . t
offspring

H

L ;
[13. What were the ratios of your 'second-generation off-
spring? . BN

N - " Now what would be the appearance of each of these bean

seeds? BB would obviously be brown.

N (J4. What would Bb seeds look like?

I [J5. And bb seeds would be what color?

. ' : [J6. All in all, how many brown seeds would _you'havc for
. every white one? ' ’ '

ey

R | Now do you see why the 3-to-1 ratio keeps popping up? . .

N~

' . . .

»,

- : N -

R
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A Bit More About Bits

°

TR,

Gregor Mendel deservts a lot of credit. For seven years
(1857-1864) he experimented with peas in a quiet monastery
garden in_Czechoslovakia, only to have his efforts ignored.
[n fact, the importanee of his work was not recognized until
1900, sixteen years after his death. His work led to the model
for “bits of information,” the model you've been using.
Mendel tried to follow what happened to seven features
as pea plants reproduced themselves. The features were seed
shipe, seed color, seed-coat color, pod shape, pod color,
flower type, and stem length. He crossed pprc'—strain plants
for these features and then studied the features of the first-
and second-crop offspring. Figure 1 shows the results of his
experiment. ) : _
From his data Mendel drew two conclustons:

‘

~
- .

1. Two identical pure-strain parents always ‘produce
. “pure-strain offspring like themselves. B

2. When two different kinds of pure-strain parents are

crossed, the first-crop offspring all look like one of the

parents. If first-crop offspring are crossed, three fourths

of the second-crop offspring will look like one of the

_like the other original parent.-

~ Mendel developed a model to explain the results of his.
experiments, This model was-almost exactly like the two-bit

- model you’ve been using except that he used the term factor -
instead of bit of information. Mendel wrote an article about

his discovery which was filed away in libraries. Almost forty
years later, other scientists made the discovery of “bits,” and
these men were led back to-Mendel’s article. Mendel had

been at least forty years ahead of his time in making the
basic assumption that “factors” determine the inheritance of
features. | . ‘

Excursion 6-1

original parents (from 1 above). One fourth will igok




Mendol's reaulta with two genorations of garden peas

Y

Features selected ) Firet orop . : Second crop -{ Rounded ratio (
for cross ) . ) . !

6.474 round seeds
1,850 wrinkied deeds 310 1

7.324 total . . . |-
. 8022lyollow seeds
2,001 green oeodl

\ .'eoos tota

J3to1

\ 705 gray seed coats

224 white seed cdDats 310 1

L 920 total

“\ 882 Inflated pod-
224 wrlnklod podo

8 1100 (L T e a -

'128 green pods
-152 yellow pods - Sto 1t

580 ) total .

.661 axial flowers
207 terminal flowers . 3to 1

858 total o

787‘|ono stems
277 short stems : Jto 1’

1,084 total . 2 \

\

! T ' \
. Figure 1 - - Mendel’s carly success where . others had failed wa;' due
; to several ‘things: ‘First, he used a “systems” approach. Hc
J studied odly- one feature at a time. Second, th applied
co N ' . * knowledge of mathematics to his study. Third,. he buill a
' ' : model to account for ‘what he saw. This ‘whole approach’
'mnght be thought of.as “if-then” reasonmg Hxs thinking was, "
“If 1 assume these thmgs to b ‘tgyde, then | can predict what °
. . : - - " 1 see’ . _ :
R L L Smcc Mendel’s.. umc other scientists havc been trymg
N T e actually to see the bits Qf informatihn, icxr etudles have
| | ' - added much to. the two-bit model. .-
, o Well before 1900, the discovery of what are called cells
- e had been made. It was learned that virtually ali hvmg things
1:0& EXCURSION 6-1  *  are made up of the tiny cells tfat can bc easily seen undcr
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a microscopc. When®#8ls are viewed through a high-powered .
1croscopc many smaller pacts can be seen. One of these
parts is.called the nucleuv -

" Figure 2 -
/ _ _ _ L e

4

Nuclop-

§

Cell ' Ch’r;gmonomoi
If you were to magmf‘y thc nucleus mnny times, yqu could
“see some stmnds in it that resempble pieces of thread. Thcsc

" are chromosomqv An American scientist, Walter S, Sutton,f,e’

“was the_first to notice that chromosomes are passed from cell _
to.cell as Mendel's “bits of information” are passed from -
parent to offspring. Still later, it was. suggcstcd that the bits

of information were located on the chromosomes much like
beads on a string. Althoygh this idea has been.changed 8 |
little since then, we.still believe bits of information_are.in ' -
some way attached to chromosomcs as thcy are pasch from :
_parent to_offspring - :
~ Stientists soon bcgan to call. Mcndcl s “factors” genes. The- -
.word “genes” is short for generic units. Whether we call the .-
~“factors bits, units, ar genes, the modet still works for explain-
"‘ing dand prcdlctmg the way features are pasch from parcnt
‘to offsprmg A
_ To see if you have undcrstood this excursion, try to use
your information about tie ninsect you've been studying. o

. \ o
] . | -
['j1 "How many bits are f\ccdcd for cach .fcmurc'o'_f a ninsect? : _ "\\, :
r - 3 . -. R ) \
[_'_]2 What does cach nchct card rcprcqcnt? A
['_“]3 WHm do thc holcs in lhe cards rcprcscm'? ) " )
(4. How many bm (genes) are thcrc on one ninsect cho- =~ . 7
mosomc" . C ey, LT
‘118. How many bits (gcncs) are needed o ‘make: one.com- i
plcte mnscct" ) - 'EXCURS!ON 6 1
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(J6. How many: chromosomes are necded to create one
ninsect? -

N (J7. The mnsect inherits a set of genes. On what are the set
; of genes found? . B '

«{18. Every animal and plant has two sets of genes for each
featurc. In the ninsect, where does each set of genes come

A . . S from?, - . -
% . Pl ’
'{{ ‘ ' ) : N
., . ) d )

A more recent idea has replaced the “string of beads” -
A ) L chromosomc,modc!.».,Exp"crimems showed-that Mendel’s bits,— - -~ ~—~
' ' , the genes, are ‘perhaps made of a chemical called DNA. Two
scientists, James D. Watson and F. H. C. Crick, made a DNA
model which looked like a ladder that hmd been twisted ) ‘
several times. This model keeps changing to fit new inforima-
tion but, at the same time, keeps enough old features to
explain what i already known. Through this building and
igproving of the model, our picture ‘of a gene will surely o o
¢ different in fifty yeprs. . : T
e oy 0

~sa

[

. : p
AR N .

ot ey .
PROBLEM BREAK 1 -

Several-books tell more about the ideas discussed in this
excursion. One that offers pictures of chromosomes and S
drawings of DNA is Evézy(grion, by Ruth Moore, in the Life _ : '

, Nature Library (New York: Time-Life Books, 1962). An- ‘ |
other book ol interest, written by Carleen Maley Hutchins B e
and titled Life’s Key—DNA, (New York: Coward-McCann, | |
"1961) offers a detailed discussion of the relation of DNA to -
life. Use books like these to add to your understanding of .
why you’re you. | ' - : =
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| Peas Again, Excursion 6-2
| But Double Trouble

_ If you did Excursion 6-1, you know that much of our under- _ -
- standing of inheritance is based upon the work of Gregor ' |
Mendel. One of the factors Mendel studied was seed color.

T He found that the bit of information for yellow seeds masked ,
the bit for green seeds. Figure | reviews crosses between _ _
yellow and green peas so that you can see the way these ' ‘
features are passed. The letters under tRe drawings stand for {

= bits of rﬁformallon Y stands for yellow seed and y stands for : - @

4y

groen seed. SN -

A"

) ) . \ - ' - Figure 1

. . ~ Pure-strain, ,.‘ Pure-strain, : o
.. . yellow-seed green- se <
) parent plant l parent plant b : :

P . . ‘YY

R Ty

. . . First crop ANl offspring have yellow sseds,
- _ - . .. 'Yy / ! _ ) N -
AN e : ) ) ’ ° \
s . . e . \-'7 _—
- I First-crop oftspring plant First-crop offspring piant !

l ) ‘é& - X - ' - - " -

~ 3
! Yy . ’ Yy

- . o
P Second crop o . o . Three yellow seeds _ - ) \\
' to one green seed _ :

111
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Mendel also found these inheritance patterns in studying
peasced texture. He found the bit of information for smooth
sced masked- the bit of information for wrinkled sced. Fig-
ure 2 reviews the crosses betweep smooth-skin pea seeds and
wrinkled-skin pea seeds.

: Figure 2 - = ;
. B _ Pure-strain, smooth- . Pure-strain, wrinkled-

, seed parent plant Q : @ seed parent plant

! ' - . X

: A : Ss l/ s

;,.,_._w‘ - - . PR - _~'_ [ . - [ RPN e e — b [
2 ' First crop G All offspring have smooth skin.

1 * »I “ -

i Ss «

First-crop offspring First-crop of!np'rlng
©O - ©
bl - Ss s _
. ' “ » . ' ' h ) g

- : ) Three seeds have

i . , : . Second crop smooth skin and one

- . - : . " seed has wrinkied skin,

. . _ 8§ Ss Ss 11 .

i _

s . ) ' . ' . s ’ - . ) . 4 .
) * < You are about to learn how. to_ predict the inheritance

pattern for nvo features at a time! Here is your problem.

Figure 3 ;
Pure-strain, smooth and Pdfe-atraln, ernklgq and
yellow seeds ’ green seeds

DT o - @
S ' ' - I SSYY J, ssyy

. S First crop @ All offspring have smooth
[ . ) i . N o

REA , . , skin and ysilow seeds.
tlg _ yd - - SsYy -

L} . '

\‘\ " . . -
3 - ' ' !

-«

- : -
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If you o not see hétv SsYy appeared, look back to the
first-crop dffspring in 'Figures 1 and 2.
Now, if you cross two of the first-crop offspring, what will ]
be the ratio of the second-crop offspring? Table 1, which is
similar to Figure 2 in Excursion 4-1. shows you how to predict
the results of this cross. Complete the table in your Record ’ -
Book by filling in‘each square like the examples that are .
given: \
b} . A L L- . - e g e - - uq T.b'. 1 ‘
o Possible Bits of Information | !
‘ » ' from Smooth, Yellow Parent (SsYy)
’ i
8Y Sy sY sy ’ ‘
8SYY
S8Y  smooth, <\ _ ) :
yellow . :
4 T
Seyy 3
Possible Bits of Sy ' smooth, g
Information from _ green .
Sthooth, Yellow asYY { .
Parent (SsYy) sY wrinkled. S '
- ' yellow : /
}
.SsYy 5 i.
sy smooth, {
yellow ’
\ _ 7
. \ . 4
dow L S . . Sy . . \‘ Cve e e - |
If you have trouble filling in the squares, think about how’
you read graphs. For the top left square, we got SY from .
" the top of the grid and SY from the left. Combined, these ' %
~ gave us SSYY, which is “smooth yellow.” ,
Now you can summarize the kinds of oﬂsprmg that are ' '
- ‘possnblc in this mating. Just count and record in Table 2
~ in your Record Book the number of offspring wnh each
possible combmatnon of features. _
| | e - t  Table 2
Smooth, yellow-seeded plants ' .
\"‘{ . Smooih,vgrccn-scc(lcd plants
Wrinklcd,"ycllow-aécded plants ! ' ! o o ‘ ;'
l _ Wrinkled, green-seeded plants : . _ R
. . “reee el EXCURSION 62, 113




The ragio you have just found is quite common in studies- L
of inheritance of two features at a time.

(1. In this same problem, what is the ratio of smooth seeds
to wrinkled seeds? (Count them; don’t-gucss.)

.o [J2. What is the ratio of yellow sceds to green seeds?

You can see from the data that each feature is inherited
independently. ~
DS you think you could solve another problcm about two o
e e .fcaturcs -at.a.ime? Try -this-one: Ninsects also have several I R
‘ features some of which are dominant while others are reces- h .
sive. Select two ninsect features and diagram the following - «
. crosses in your Record Book. . ;
a. Cross one parent that is a pure strain for two dominant
ro features with another parent that is a pure strain for two
" recessive features.
b. Cross two first-generation: noffspring of tHé above cross.
> Use the pea problem as a.model for designing your solu-
tion to this problem. Some of the symbols you could yse
for ninsect features are these: ’

o

N,

Eye color: black, white (8, b)
Body color: striped, plain (S, s)
Body shape: round, slender (R, r) ‘
Stunger: present, absent (P, p) 1
Leg length: tall, short (T, t) "
“SAntenna: curly, straight (C,c) ..
Wing paltcrn plain, spotted (W, w) \
- Wing size: large, small (L, 1) -
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White, and Pink Excursion 7-1

In Chapter 7 you were asked (o use your two-bit model to
cxplmn 'the cross that 1s shown below. This excufsion will
show you O(’\C possible way to do this.

Figure 1

Let’s thmk about the cross in terms of your two- bit model - ‘Figure 2
(sce page 83 of Chapter 7 for a summary of the model). The
pure-strain red parent had to have two bits of information
forgréd, while JLhe pure- -strain white parent had two buts for:
white. This means that each offspiing had to get one white
bit from the white parent and one red bit from the red parent.
This is diagrammed in Figure 2=f that figure is not clear
to you, turn back to Chaplcr 7 and review the two-bit model.

"R = A bit of mformzmon for red |
W = A bit of information for white
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According 1o the two-bit ﬁ}odcl lhch, each fitst-crop off-
spring has one bit for red and one bit for white. In this case,
_ the ﬂo\vcvﬁeol) hose offspring should have been cither red
" - or white d®peryding upon-which bit masked the other. The
_ _ model as (lCSCZIbC(l on page 83 cannot cxplmn the fact that
. . ' the first-crop flowers were pink. c :
Actually, a’ very small change in the model will let you
use it to handle the flower problem. All you have to do is
change statement 4 (page 83) bf the model from

P - .. . 4. 10 an individual receives two different bits of informa-— .. .
. _ tion for a feature, one bit may mask the other. '

-

to

4. If an individual recéives &wo different bits of.informa-

~ tion for a feature, one bi may mask the other. Some-

“‘f ~ times, however, the two bits will both have an effect, and
the offspring’s .appearance will be midway between that

of pure-sirain individuals for each bit. @

Notice that the change lets you cxplam what happened
in the first crop of the flower cross. You can simply assume
..that the it for 1¢éd and the bit fot white in the first-crop
offspring both’; ‘had an effect and that the offspring became
. pink (halfway between red and white). Notice also ‘that the ,
change adds something to the model withput destroying it. ] .
The model will still work for beans, fruitflies, and the like. 1
‘Now take a look at Figure 3 where the second crop of . u
flowers is shown. Try to ‘apply the new model to 1t Does Y »}\
it work?

I ia

Yo r v

‘= 2nd crop . ; R

(1. Use your modified two-bit model to expldin why‘phrt . >
of "the sccond c_rop is pink, part is red, and part is white. .. o
" Want some practice in solvmg problcms like thc one wnth | R

o mormng glories? Try this one.

* 5

‘ n : : - 02 ‘A white mormng glory is crosscd wnth a pink mornmg ' -
g 116 ~EXCURSION 7-1 | glory What may the o‘fTSpnng look llkc? o | N S

N




Hair Heirs | Excursion 7-2

In Chapter 7 you were left with the problem.of figuring out

how a certain type of baldness is inherited. Your problem

was to decide what bits of information for baldness might

be in each individual in the family shown in Figure 7-2 (Fig.
~ 2 in this excursion). ; '

You were told that the bjts of information’ for normal hair
and for baldness sometimes switch (exchange) their masking
roles. Which of the two bits is maske¢d depends upon whether

- the individual is a man or a woman. In men, the bit (gene)
for baldness masks the one for normal hair.-In women, it’s
the other way around—the bitfgr normal hair masks the
one for batdness. Table | summarizes this informatjon. ,

© v -

P N | N '3 Table 1
N T o | . Sex Masking Baidﬁéss (b) 'Norma‘l Hair (B)
(Male) [ | b masks 8 "bB or bb BB )
(hchalc).O . B maskg b ;] bb b8 or BB 7

T .
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Use Table 1 to check the information in hgmc | and then
answer the questions that follow it -

Figure 1

Parents

. BB

. b8

~

Circle = Woman
_Square = Man , -

Black = Baldness . o -
Blank = Normal hair

(1. How can the male parent bc bald when hc has onée
B gene for normal hmr”

. [:]2 Since the male parent is bald wnth Bb, why 1snt the
N female (Bb) also bald?

[:]3., What ratio‘ of baldness to normal is there in.th‘c male
offspring?

Pl

“ THESE ARE(JY JEANS |
FOR NORMALHAIR..* |

coo s

”'.
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. _ Use ‘the information in Table 1 1o ‘decide which bits of .

information each person has for the baldness feature in

Figure 2. In your Record Book, under each square or circle,

write the letters for the bits that person has, as you see done Y

in Figure -1.-Sometimes one person could have more than o -
one kind of pair of bits. A black square represents a bald )

e man; a blank square represents a man with normal hair.
A blank circle represents a woman with normal hair.

Figure 2

' [

\-

| s R
omoom dmm

: , Asle

" oo et ——i s A et

» . Baldness is another feature that makes us alter our two-bit
model in order to have the model explain and predict better.

o : . “

[24
e

- O4. In what way was the two-bit mbdcl altered to make it . ' : _ ;
.- work so that it explains and predicts baldness in humans? } e - '
! : : k -color in
. .. morning glorics? If_not_, turn to Excursion 71, “Red, W_hitc,
4 . ¥ and Pink.” - A

Have you altered your model to explain’ pin

A

L)

EXCURSION 7-2 * 119
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Answer key for Figure 2

You can check your work in F|gurc 2 by turning the page
upside down, ,

aq gq 6q
qq qq @8
88 Qqq qq aq | 88
q8 89 89 | €9
E(P
8
: " ag aq a8 - qq a8
- qg Qg ag - 8q aq
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~ BoyorGirl. ©~ ~ Excursion 7-3- - -

One of the most obvious features of everyone is his or her
sex. We take for granted the fact that people are either male
or female. But most of us wonder from time to time just
how the sex of a baby is determined. How this happens is
the subject of this excursion.
If you did Excursion 6-1, you lcarncd what chromosomes
L ~ are. If you didn’t do that excursion, turn to it now and read .
the part that deals with chromosomes. : . % ¢
Since the studies were made that linked chromosomes with _ ‘.
bits of information (genes), scientists have been studying '
chromosomes very carefully. There are 23 pairs of chromo-
somes (46 in all) in every normal human cell, except in sperm
cells and in egg cells. The chromosomes that make up 22
of the pairs always,look more or less alike (see Figure ).
But sometimes those in the 23rd pair don’t match—one
chromosome is sometimes much longer and straighter than
the other. The long straight type of chromosome has been
called an X-chromosome, and the short bent one a Y-  Figure 1
chromosome. ' '

b

12 3 4 86 a 7 8.3 10 11 _12_13"14-1513 17 18 19 20 21 22 3
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Careful study shows that the cfux'olnosoﬁwc§ in the cells of

bbys and men are different from those in girls and women. .

Boys and -men have one X-chromosome and one Y-

. chromosome, while girls{ and women have
chromosomes. This is shown in Figure 2,

two X-

Female
23rd pair

Figure 2

After the diffetences between men’s and women’s chro-

i © -, mosomes were noticed, sc:cnlnsls used them to dcvclop a

» model for how scx is inherited. They made the assumptii)n

' that if a person *has two X-chromosomes (in the 23rd pair),

- then that person is a female. They also assumed that 1t;a

person has an X- and 3 Y-chromosome, then that person is a

: - male. Furthermore, it was assumed that one of each person’s

23rd pair of chromosomes came from his fatherand one came
from his mother. Figure 3 shows these assumptions.

~ - - L N <4
. .

Flgon 3

Father

Sl-tor Sister Bmthor

. : Notice in FlgUre 3 that the chances of the offspnng cndmg 55" ;

D - e .
Brother o &
4 . . i

W

_ Jup with two X- chromosomes are the same as for the offspring
e _ havmg an X-chromosome and a Y-chromosome. Thistis how -
' ' scientists cxplam the fact that (herc are about as many boys

born as gnrls. . S . .
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e ‘Ready for a royal problcm" Here goes! Read through'lhc ' .
problem and attgmpt to solve it the best yougan”1f you have - ) :
o ‘ n harif um‘c at ﬁrsl don t gwc up More hdp w1ll bc gn"@ul ) PR Y
~Hater, S e
Vo . 7#Some people aré born wrth A real hz\ndlu\pﬁ-lhmr b!Qod L L T
<> . N 3 a :.'\\:' K 2
C does not clot very well. This means *that even Ihe slightest 4 : S
w K N ’ i i
¥ ocut blccdﬁ and biteds. Thcy may even die of” lo”%x of blood = - :
. ¢ from avnny scratch. Few such mdmd\iulx hvc Iong enugh . A
T i o produw childsen. ) T e / . iy
; s chcral rulers of European countries of the paxl hundﬁed St RN
2t . rycafs have had™this probleq. Here’s a dmgmm showmg the - o
B k"_' ‘:‘v"' . Ly e
. < family.tree of these pcoplc Once wgmméirclcs represent 4 - . {
fmﬂalcs and squarcs represent males, Black indicates lhat the S ’
L ,pcrson as ar ‘bleedbr?; white shows that ke 1s nof.» ey -
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‘ , [].1. Does your two-bit model (scé page 83 for a summary
of the model) explain the data in Figure 1?

_ (J2. Which bit seems t0 mask and which bit seems to be

- - masked? ' . i
| . : 3. How many male and how many female bleeders are
~shown in Figure 17 =~ _
) sf . E (J4. What assumption can you add to your two-bit mode]

to explain the number of male bleeders as compared with
female bleeders? S

Ay

s . L .
Okay, there’s your problem. The rest of this excursions |
e twe———devoted toa ‘possjble'“}ljn's’"\’vé'r"((’)*itf'—D(') not read on until - -
s : ; ~ you've tried hard 1o solve the problent for yourself.- :

%
R}

~If you successfully answered the last question, you deserve
a medal. 1Us really a tough one. To fully understand it, you .
need to know the model for how sex js. inherited. Excursion *
7-3 will help you with this if you don’t already know it. |

As Excursion 7-3 suggests, you can assume that every boy
. _ ' and man shown in Figure | has oneY-chromosome as well )

S -as one X-chromosome. The girls and women shown in the :

figure have no Y-chromosome—only X-chromosomes. This
1s a good clue to how bleeder’s disease is inherited.

.05 In view of the information in

. ! ! e last .pa'ragraph,"Why I
“do you think bleeders are males T _ :

. . . .o ) ) . J . .' . ) v . ‘-‘*‘-..‘.,._ T .\
- .[J6. On what chromosome do you:suppose the bit of infor- -
mation for bleeder’s disease is located? _ A T

S - L If you guessed that the. bit for Eblecd.c'r’s"-di.seasé‘is carried _‘
3 o S, L on the Y-chromosome, you did quite well...Unfortunately,
128 E_XCURS!ON 7-4  however, your hypothesis won’t explain everything you see
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in Figure 1. (Try it and see.) A better approach is to think

in terms of the X-chromosome. Here's the medel for the

inheritance of bleeder’s disease that scientists now use—look
" it over carcfully. )

. I. Some X-chromosomes carry the bit (gene) for bleeder’s
/ o disease (XP). ‘
' 2. Other X-chromosomes carry the bit (gene) for normal
blood clotting (XV).
3. Y-chromosomes don’t carry either the bit for bleeder’s
disease or the one for normal clotting,
4. The bit of information for normal clotting can mask
(is dominant over) the bit for bleeder’s disease.

7. Shown below are the pairs of sex chromosomes of two
men and two women. Using the model above, decide whether
each individual is a bleeder or not. In your Record Book,
write “bleeder” or “nonbleeder” for each one.

z

a. Woman b. Woman c. Man a. Man
XNXN XNXY XNY XY

Now take a look at the family tree shown in Figure 2.

Notice hq$ the bleeder’s disease bits are passed along and .
_ their effect. e
' — Figure 2
.
Parents
*
- Father )
bleeder
] Children
Son-norf:nal
o ' Grandchiidren
: . - hter normal S-on normal ) Son bieeder
B _ Dew _ ~ EXCURSION 7-4 125
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" (8. Why is one of the grandsons in Fi lgurc 2 a bleeder and
the other a nonbleeder? :

Now turn back to Figure 1.

C19. How da you now explain the fact that not all the males
of this royal family have bleeder’s disease?

You have learned that some features are said to be sex-
linked. Features like bleeder’s disease are called sex-linked
because the bits for them dte thought to be located on sex

- chromosomes; X and Y in case of humans. Thére are about ~
60 sex-linked traits in humans, such as one kind of night
blindness, myopia, double eyelashes, and one type of color
blindness. Now, here’s a good one for you to answer.

3
\(10, Suppose a male blccdcr married a pure-strain fcmalc
who’s not a bleeder. Could any of his sons be bleeders?
Could any of his grandsons? Explain. |

[y
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. | Wonder Where Excursion 7-5
o the Color Went?

Here's a good chance to find out if some other variable nnfyhl ' .
A}
' affect thé appearance of offspring. For this excursion, you : y
. need the following materials: :

15 tobacco seceds . ' R
I petni dish with lid
2 paper towels
t pair scissors

ACTIVITY 1. Cut two pleces of paper towel! the size of the
petri dish. Place them. In the bottom of the dish. Wet the
paper towels and pour off any excess water.

Paper towel -

of

Y

ACTIVITY 2. Place the 15 seeds onlo the paper towel so\that ' " T : ' o
each sead is separated from every other seed ' ' ;

' 1 : _Tobacco seeds
Ps
! .

Moist paber towels
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ACTIVITY 3. Put the 1id on the dish arrd gently set It In a dark
Lid on " piace (such as a drawer or cupboard).

Cautlon  [1 will be ren days before your secds Qcmunu!c Be
sure the seeds do not dry- our. C/)(*CA them EVERY DAY and
add water /fr]xe paper rowel looks drv. But don’t add 100 much
water. Be sure vour seeds are watered sufficiently on a 1r1dn)'
to carry them Ilnoug/l the w cd\cml

?

After @ seeds have sprouted, notice the color of the
leaves.

(J1. What color were the leaves on the tobacco plants?

(02. How did the tobacco pl.a_n!.s in the dish youjust observed !
differ {from the tobacco plants observed in Problem Break
3-17 : : .

(J3. Were the differences due to different bits of information
(genes)? '

D@Explain your answer to question 3.

(5. Suppose you moved the plants-grown in the dark to the
light.-What do you predict would happen? Move the plants
to test your prediction and describe the results.

¢

6. Tlus experiment shows that something other than’ bi
of information has an effect upon wWhat offspring will look
like. What is that “something”? ‘

128 EXCURSION 7-5 " ‘ :
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~ One,Two, Exgursion7-6
*- Pick-up Sticks

By now you know that features are passed from parent to
offspring through bits of information (genes). If the features
arc passed along perfectly every time, then llfc would never
change. ' -
The same features should be_passed from” gg:ncrzmon to
generation. But anyone who has read about dinosaurs or
fossils knows that changes have been happening. In this
. excursion, you will see a way that one form of change can
take place. : .
« For this activity, let's assume that you are an insect-eating
bird. We\\gll let qolored toothpicks represent young stages
of the insects you eat. Colored paper will represent the mate- . ' -
ral on which the insects live. For this acllvuy yau will need
a paffier and these materials:

I set of colored paper (6 different colors)
1 box of colored toothpicks
1 pair of tweezers '

. -~ . ) i ~ T
“ ACTIVITY-1. Scatter 30 toothpicks, haif of one color and half
o . . of another color, pn a piece of paper whose color matches
, _ _that af one of the toothplcks Do not let your partner see you ' .
. ) : . . do 'h'.. N k“" o - - ‘ _ , ._ . .e . 129
- - \*}_ e . \n o . : :
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EXCURSION 7-6

A

ACTIVITY 2. Move into a dimly lit area, Have your partner pick
up as many loothplcks as possible with lhe tweazen in five

seconds.

HINT If you do not have a watch \\?ith a second hand, you

may estimate the time by counting T&m 1w 1w, etc.

(01. How many toothpxcks dxa your partner pick up that
matched the colored paper? that did not match the paper?

E‘(changc roles with your partnor so that each of you has

the chance to play bird..

.

[02. How™ many toothpicks did you ptc\( up that malohed thc .

colored paper? that did not match the paper?

[J3. How did your parlncrs rcqull% compare with your
results? - :

(4. Explain the results that you and your partner got.

Try different combmaluons of colorcd papcr and loothpncks
to conﬁrm your rcsults : i :

-
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This simple experiment can be applied to the inheritance
of features. Ljons, toads, robins, sharks, wolves, and hawks
have at lcast obe thing in common. All of them prey upon

other animals for food. To survive, these animals mpust find

and capture the animals they feed upon. The survival of the
prey dcpcnds upon its ability to avoid bcing'caught Any

\

for its survwal

Color is a common and important feature. Some animals

match their background very closely, but others don’t. Let’s

use how well an animal matches its background as we, con-

sider survival.

Supposc a partlcular moth 1s preyed upon by birds. Durmg
the daytime this moth is found on the trunks of trees. Both
“the trees and the moths vary in color. That is, some moths
are“lnghtcr colored than others. The same_ holds true for the

. trees: Bccause of the! varlauon in thc color of tree trunks and__
moths somc moths are more easnly seen by bnrds than are

L.
1; . :»' i

 others’ as thcy Yeston trée truni(bsﬂ, r,‘_wﬂ : ,.

A

[:]5 What color combmauon of moths and trees. would ke
the moths leee llkely to bc caten by buds‘) CERE :

L.

_ EXCURSION
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Now let's suppose there is a change inf,.thc/fo/r;sl where
the moths Jive. Smoke from a large factory built nearby stains
the bark of all the trees. No longer are there any light-colored
trees. Light-colored moths are now easily seen against any
tree. "> ~

J8. Which moths ‘would be most likely and which least
likely to su.[vivc in tHis changed forest?

Those moths that are most-casily seen are lcss hkcly to
survive and to pass bits . of information on to offspring.

~

[J7. In time, what changcs do you, predict will occur in the
_color of the moths Iwmg in the changcd forest?

[J8. What concluions do you rcach rcgardmg the inheri-
tance of color among these moths?

182 © EXCURSION 7-6 . . | - | L
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Excursion 7-7

Do Blondes Have
~  -More Fun?

You have seen that assuming that features are controlled by
. bits of information can be a very useful model. But are bits
of information the only variable involved in whatindividuals
. : . look like? If not, are they the most important factors? Let’s
: sce. . : =

Table | contains seven features that depend upon the -
environment. Complete the table in your Record Book by
placing an X next to the -environmental factor(s) that you
think can affect each feature.

] . me,‘-a. .(,. cve e eeay B S L L Lo - i..,,_..,“‘.(,,_...‘,._‘\,_\_ Sep e e ,\_q
§ -
ENVIRONMIiNTAL FACTORS

#FEATURES Sunlight | Exercise | Diet

Skin tanning ™ ‘

Freckles

.lntcllfgencc -

T - >

Hair color

Wc'ight

Size of muscles

Handcdncés' '

Table 1

o Ot. Llst some othcr human featurcs that you think aré-
,aﬂ‘ccted by the person’s’ cnvnronmcnt

- D2 Which do you thlnk is mor¢ lmportant in dctermmmg
. how a person looks—his bits 6f information or envnrOnmental . _ o B
¢ . factors? , . o 133 Sl
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EXCURSION 7-7

y \t»m;-

x*ﬁwm@m* .

This last question raises o problem that has been discussed:
over and over again. Itis often called the “Nature—Nurture”

'problcm. You might like to see what other books have to

say about it. Some researchers argue that the environment
(Nurture) 1s more important in dcterminjng what a person
is like, Others place greater importance oh the bits of infor-
mation a person inherits (Nature). Everygne agrees, however,
that both environment and bits of information are lmportant

-

“.{i

' [j3 Could you change the bits of information you recerved

from youﬁr"parcnts._ L

by

[04. Could you thange your environment?

(35. How could you affect the degree to which some of your
features dcvclop”

-
\,
(S

[J6. This excursion suggests a very 1mp0rtant quesuon——Can
a change in the features of a parent that is caused by the-

-environment be passed on to offspring? Questions 7 through

10 point up the problem. (Just look them over now; don’t
try to answer them yct)

[:]7 'Would a weight lifter’s children have stronger muscles
because of the amount of exercise he takcs? ‘ V]

(8. Would the children of a man who works in the eun all
day be born -darker became of his e)(posurc?

0. If some day-you go to collegé, Wl“ youf children be
~ born smarter. because of your educatlon?

(J10. Will the chlldren of a world’s- record holdmg runner .

be able to run fastcr than their- fnends” 1f so, why?

Your, problem ({ to study this subject in whatcvcr books
and magazmcs you can find. Try your own school library
and, if one is available, a public library. An encyclopedia
might help, too. Your tcacher .may, be -able to suggest what
books are avada&le - ]

When you think you have an answer to quesuon 6, write it

In your Becord Book; then answer questions 7 through 10..
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